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The Acetylcholine Content and Choline-acetyl-  
transferase Activity in Human Skeletal Muscle 

To da te  the re  has  been  a grea t  lack of in fo rma t ion  on 
the  a m o u n t  of ACH and  CHA ac t iv i ty  in h u m a n  skeletal  
muscle. However ,  the  assay of the  n e u r o t r a n s m i t t e r  and 
of its syn thes iz ing  enzyme m a y  allow a be t t e r  eva lua t ion  
of the  b iochemical  damage  in the  mo toneurones  in the  
course of some neuromuscu la r  diseases:  i t  is well  known  
t h a t  the  ACH stores and  CHA ac t iv i ty  fall to ve ry  low 
levels af ter  sect ion of t he  mo to r  nerve  1. In  th is  r epor t  the  
values of ACH and CHA ac t iv i ty  in some h u m a n  skeletal  
muscles are given. 

Methods. Specimens  of rec tus  abdominis  m.,  p i rumidal is  
abdominis  m. and  intercosta l is  ex te rnus  m. were ob ta ined  
dur ing  surgical  opera t ions  f rom adul t  pa t i en t s  wi th  no 
evidence of muscular  or neuromuscu la r  diseases. The 
specimens  were excised b y  two paral lel  cuts,  1 em apar t ,  
pe rpendicu la r  to the  muscle fibres. The average we ig h t  of 
the  samples  was 200-400 mg;  some were assayed  for the i r  
ACH conten t ,  o thers  for CHA act ivi ty .  

Estimation o/ acetylcholine. The excised t issue was 
weighed and  rap id ly  immersed  for 2-3 rain in 2 ml  of 
Mcl lva in  citr ic ac id-d isodium p h o s p h a t e  buffer  p H  4, 
0.026M, at  98-99~ Af te r  cooling, the  t issue was homo-  
genized and  cent r i fuged for 20 min  a t  4000 rpm.  The 
ACH presen t  in 1 ml of the  s u p e r n a t a n t  was p rec ip i t a t ed  
a t  p H  6.5 by  adding  choline chloride and  a m m o n i u m  
reineekate ,  as prev ious ly  descr ibed 8. The prec ip i ta te  was 

enzymat i c  reac t ion  was s topped  wi th  ml  0.2 HC1 0.33N; 
the  samples  were buffered and di lu ted  to 5 ml  w i th  frog 
Ringer  solution. 

The bioassay was pe r fo rmed  on eserinized frog rectus  
abdominis  muscle  aga ins t  sui table  s tandards .  For  fu r ther  
evalua t ion  of the  biochemical  f indings,  ana tomica l  da ta  
were needed;  we therefore  also measured  the  average 
length  of the  muscle  f ibres in the  whole  muscle and  the  
average d i ame te r  of the  fibres and  the i r  n u m b e r / c m  ~ in 
microscopic sections.  

Results. The a m o u n t s  of ACH and  CHA presen t  in only 
one endp la te  were  ca lcula ted  assuming t h a t :  (a) t he  pos- 
sible presence of the  endp la te  in every  muscle fibre of the  
specimen (1 cm long) is inverse ly  re la ted  to  the  leng th  of 
the  whole fibre;  therefore  the  n u m b e r  of fibres counted  
in 1 cm ~ of the  t r ansverse  sect ion of the  muscle was 
d iv ided by  the  leng th  of the  muscle i tself;  (b) the  a m o u n t  
of ACH and  CHA presen t  in the  m o t o r  nerve endings  is 
abou t  ~/3 of t he  to ta l  a m o u n t  found,  because of the  
nervous  fibres p resen t  in the  specimens 4. The results  and 
the i r  e labora t ion  are summar ized  in the  Table. 

The  mos t  p r o m i n e n t  c o m m e n t  concerns  the  ra t io  be- 
tween  synthes iz ing  ac t iv i ty  and n e u r o t r a n s m i t t e r  stores. 
I t  is ev iden t  t h a t  t he  ra t io  is near ly  t he  same in the  rectus  
abdominis  m. and  in t he  in tercosta l is  ex te rnus  m., while 
i t  is apprec iab ly  lower in the  p i ramidal is  abdominis  m. 
Taking  into account  the  physiological  work of these  3 
muscles,  it  m a y  be sugges ted  t h a t  the  higher  the  ratio,  
the  h igher  is t he  neuromuscu la r  ac t iv i ty .  

Anatomical data and normal values of ACH and CHA activity in 3 human skeletal muscles 

Muscle Average Average Average Endplates ACH ng/g ACH/pM CHA activity CHA/pM CHA/ACH 
diameter number of length of per em 8 fresh per ng/g fresh per ratio 
/z fibres/cm ~ fibres, cm (fibres/length) tissue endplate tissue/h endplate 

Intercostalis 55 40,000 5.6 7.142 131:2 0.067 10,700 5.4 81.5 
externus m. • 37.2 a (12) :J: 2070 b (9) 

Rectus 30 97,000 13.5 7.190 85.5 0.043 7200 3.6 84.2 
abdominis m. ~ 35.3 (10) :]: 2700 (8) 

Piramidalis 32 90,000 5.2 17.307 110.7 0.023 7200 1.5 65 
abdominis m. • 29.3 (12) :t: 2800 (6) 

a This value differs significantly from that of Rectus abdominis in. at a level of P ~ 0.01. b This value differs significantly from that of Rectus 
abdominis in. and Piramidalis abdominis m. at a level of P % 0.02. In brackets the number of experiments. 

solubilized in 5 ml  Tyrode  solut ion;  s t anda rds  were pre- 
pa red  by  add ing  known  ACH amoun t s  to Pa r t  of the  
samples,  previous ly  boiled a t  p H  10 for 5 min;  t h e n  the  
above-descr ibed  p rec ip i t a t ion  procedure  was  cur r ied  out.  
W i t h  th is  m e t h o d  the  recovery  is abou t  100%. The bio- 
assay was pe r fo rmed  on guinea-pig t e rmina l  i leum kep t  
in 3 ml of oxygena ted  tyTode solut ion plus d iphen-  
h y d r a m i n e  2 �9 10-s, a n d  morph ine  5 �9 10 -8, a t  30~ 

Estimation o/ choline acetyltransferase. The specimens  
were p lunged  in to  anhydrous  acetone at  0 ~ (100 mg wet  
t issue/ml) and  homogenized ;  t h e n  0.15 ml of t h e  suspen-  
sion (equal to 15 mg of tissue) was laid on a disc of W h a t -  
m a n  No. 50 p a p e r  (10 m m  diameter) ,  placed on a porous  
f i l ter  connec ted  w i t h  u wa te r  v a c u u m  p u m p .  In  th i s  way  
d ry  acetonic  powder  m a y  be ob ta ined  on the  pape r  wi th in  
a few seconds.  The procedure  is carr ied out  in a refri- 
gera ted  room at  0-2 ~ The CHA ac t iv i ty  of the  samples  
was measured  according to BULL et al.3. The discs were 
incuba ted  for 1 h a t  38 ~ in 0.5 ml of reac t ion  mix tu re  
previously  kep t  a t  the  same t e m p e r a t u r e  for 15 min.  The 

Riassunto. Sono descr i t te  le tecniche  per  la de te rmina-  
zione della ACH e attivitS~ CHA nel muscolo umano  nor- 
male. I r i sul ta t i  indicano che il r appor to  fra capaci t~ sin- 
t e t i zzan te  e neu ro rmone  ~ p ih  alto in muscol i  con maggior  

�9 impegno  funzionale.  
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