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changes  in the  fine s t ruc ture  of these  mul t ip le  endings  or 
in the  ex t raocular  muscle  fibres even 21 days  af ter  the  
opera t ion  (Figure 2). 

These resul ts  d e m o n s t r a t e  t h a t  in the  ra t  the  neurones  
of the  ciliary ganglion do no t  innerva te  the  ex t raocular  
muscle fibres. The con t rac t ion  of the  ex t raocular  muscles 
observed  by  some observers  af ter  electrical  s t imula t ion  
of the  ciliary ganglion 4 mus t  have  been  due to o ther  
mechanisms ,  possibly concomi t an t  exc i ta t ion  of the  
ocu lomotor  nerve  close to the  ganglion. No a t rop h y  of 
the  ex t raocular  muscles was observed  such as has been 
repor ted  eall ier  af ter  removal  of the  ganglion ciliare 3. 
A follow-up per iod of 21 days  should be long enough for 
such a t r o p h y  to  occur, if the  endings  were connec ted  
wi th  ceils of f ibres in the  ganglion ciliare. I t  is concluded 
t h a t  t he  small  mul t ip le  endings  or iginate  outs ide  the  
ciliary ganglion. 

Zusammen/assung .  Die motor i schen  E n d p l a t t e n  der 
n icht  mye l inha l t igen  Nervenfase rn  in den  Augenmuske ln  

der R a t t e  wurden  e lek t ronenmikroskopisch  unte rsucht .  
S t rukture l le  VerXnderungen t r e t en  nach  E n t f e r n e n  des 
Ganglion ciliare n ich t  auf. 
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Localization of Acetylcholinesterase Activity in Myotendinous and Myomyous  Junctions of the 
Striated Skeletal Muscles of the Rat 

The a t t a c h m e n t  of a s t r ia ted  skeletal  muscle  fibre in 
a t endon  has received special a t t en t i on  since COUTEAUXl 
d e m o n s t r a t e d  h is tochemical ly  t h a t  increased acetylcho-  
l inesterase  (ACHE) ac t iv i ty  was p resen t  in th is  region of 
t he  muscles of the  frog and mouse.  This d i f fe ren t ia ted  
pa r t  of the  muscle  fibre is called the  m y o t e n d i n o u s  
junc t ion  (MTJ). Loca l ly . inc reased  AChE ac t iv i ty  seen 
in ve ry  tho rough  l ight  microscope s tudies  of t he  MTJ  has 
since been  repor ted  in o ther  animals,  such as the  ra t  2, the  
goat  3, b i rds  4, the  cat  and  dog 5, and m a n  6. E lec t ron  
microscope s tudies  have  changed  the  older  theories  of 
the  s t ruc tu re  of the  MTJ  (e.g.V), showing t h a t  the  myo-  
fibrils are separa ted  f rom the  t e n d o n  by  the  sa rco lemma 
and  t h a t  no o ther  special s t ructures ,  such as nerves,  are 
p resen t  5, s, 9. 

In  mammals ,  t he  fibres of the  skeletal  muscle usual ly 
run f rom end to  end of the  muscle.  However ,  in the  h u m a n  
sar tor ius  and gracilis muscles, muscle fibres have  been  
descr ibed which do no t  cont inue  to the  t endon  bu t  join 
ano the r  muscle  fibre x~ These fibres have  been  t h o u g h t  
a lways to  have  a tendon- l ike  connect ive  t issue c o m p o n e n t  
connec t ing  the  muscle  fibres 1~ and accordingly  i t  has  
been  held  t h a t  t rue  f ibre- to-f ibre junc t ions  like the  inter-  
cala ted disc of the  hea r t  muscle  do not  exis t  in s t r ia ted  
skeletal  muscles.  The p resen t  repor t  describes such a 
m y o m y o u s  junct ion.  

Mater ials  and methods. The d i aph ragm and  the  rectus  
superior,  medial is  and lateralis  of the  ex t raocular  muscles 
of adul t  Sprague-Dawley  ra ts  were used in the  experi-  
ments .  The muscles were r emoved  under  e ther  anaes thes ia  
and  f ixed in to to  for l ight  microscopy at  4~ wi th  3.5% 
formol-calc ium for 4-12 h. The me thod  used for l ight  
microscopic localization of chol inesterases  was based on 
the  GOM6R111 modif ica t ion  of t he  KOELLE 12 thiochol ine 
t echn ique  wi th  minor  modif ica t ions  (TER~V_X_INEN13). 
Te t r a - i sop ropy lpy rophosphoramide  (iso-OMPA; L. L ight  
& Co. Ltd. ,  Colnbrook) and  l :5-bis-(4-al lyl  d ime thy l -  
a m m o n i u m p h e n y l ) p e n t a n - 3 - o n e  di iodide (284C51; Bur-  
roughs  and  Wellcome,  London)  were used to  d iscr iminate  
be tween  o ther  chol inesterases  (E.C. 3.1.1.8) and  acetyl-  

chol ines terase  (E.C. 3.1.1.7). Acety l th iochol ine  iodide 
(Fluka AG., Buchs) was used as a subs t r a t e  for AChE 
and bu ty ry l th iocho l ine  iodide (Fluka AG, Buchs) for 
ns. ChE (for inhibi tors  see e.g. TERXV/KINEN13). 

The pieces of muscle were immersed  for 20-60 min  in 
3% g lu ta ra ldehyde  buffered to p H  7.2 w i th  phospha te ,  
r insed for 2-3 h in the  phospha t e  buffer  and incuba ted  
according to  the  m e t h o d  of KARNOVSKY14 for abou t  i h 
to enable  the  d i s t r ibu t ion  of AChE to  be s tudied  electron 
microscopically.  The muscles were t h e n  sect ioned longi- 
tud ina l ly  a t  ap p ro x i ma t e l y  200-300 Ix wi th  a razor blade 
and  the  area requi red  was separa ted ,  using in ject ion 
needles as knives, under  an o rd inary  l ight  microscope. 
The separa t ions  were pos t f ixed wi th  1% osmium te t rox ide  
in the  p h o s p h a t e  buffer.  Af ter  d e h y d r a t i o n  in a graded 
e thy l  alcohol series, the  t issue blocks were  e m b e d d e d  in 
E p o n  81215, sect ioned and s ta ined wi th  lead c i t ra te  s ta in  1% 
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Fig. 1. AChE activity is seen apparently in the middle of one muscle 
fibre, which is thicker on either side of the transversely folded area 
where enzyme activity (arrow) begins. The traosverse striations 
continue up to the beginning of AChE activity. Compare the struc- 
ture with the distribution of AChE activity in the myotendinous 
junction (Figure 2). Extraoeular muscle. Gomori reaction. • 2000. 

Fig. 2. Aeetylcholinesterase activity in the myotendinous junction 
(MTJ). Extraocular nmscle. G6mari reaction. • 2000. 

Results. In  a v e ry  few musc le  f ibres AChE  a c t i v i t y  was 
obse rved  ou ts ide  t he  zone of t he  m y o n e u r a l  j u n c t i o n s  in 
a pecul ia r  b a n d  a p p a r e n t l y  across  t he  midd le  of one 
musc le  fibre (Figure  1). In  l igh t  mic roscopy  t he  h is to-  
chemica l  d i s t r i b u t i on  of A C h E  ac t i v i t y  h a d  a folded 
a p p e a r a n c e  (Figure  1), s t r u c t u r a l l y  s o m e w h a t  r e s emb l ing  
the  A C h E  a c t i v i t y  of the  M T J  (Figure 2). In  these  junc -  
t ions,  no ns. Ch E  ac t iv i ty  was  observed .  The  musc le  
fibre was  th icke r  on e i ther  side of the  zone of increased  
AChE ac t i v i t y  an d  the  cross s t r i a t ions  of the  musc le  
fibre ap p ea red  to con t i nue  in a n o r m a l  m a n n e r  up  to 
t he  level a t  wh ich  t he  e n z y m e  ac t i v i t y  was  vis ible  
(Figures  1 an d  2). No special  s t r u c t u r e s  could be seen w i th  
the  l ight  microscope.  

Th e  pecul ia r  d i s t r i bu t i on  of A C h E  ac t i v i t y  in the  midd le  
of ' t he  m u sc l e  f ibre '  was  seen to be a j u n c t i o n a l  a rea  
be tween  2 s ep a ra t e  apposed  musc le  f ibres (Figure  3). The  
2 s a r c o l e m m a s  of t he  s epa ra t e  musc le  f ibres  showed  deep  
i n v a g i n a t i o n s  (Figure  3), wh ich  h a v e  also been  obse rved  
w i th  the  e lec t ron  microscope  in the  M T J  5,8,9. I n  c o n t r a s t  
to t h e  MTJ ,  however ,  the re  was  no connec t ive  t i s sue  
be tween  the  2 apposed  p l a s m a l e m m a s .  Myofibr i ls  con- 
t i n u e d  close to t he  s a r c o l e m m a  and  no special  sarco-  
p l a smie  s t r u c t u r e s  or changes  in the  c o n t e n t  of nmsc te  
m i t o c h o n d r i a  or s a rcop lasmic  r e t i c u l u m  were p r e s e n t  
(Figure  3). Th e  s t r u c t u r e  of th i s  j u n c t i o n  is t h u s  t o t a l l y  
d i f fe rent  f r o m  t h a t  of the  in t e rca l a t ed  disc of t he  h e a r t  
muscle ,  in wh ich  a disc n e t w o r k  and  special  regions  of 
cell co n t ac t s  can  be obse rved  (SJOSTRAND et al.lV). 

U n d e r  t h e  e lec t ron  microscope,  A C h E  a c t i v i t y  was  
seen to be loca ted  be tween  t he  i n v a g i n a t i o n s  of the  2 
apposed  p l a s m a l e m m a s  of t he  musc le  f ibres  (Figure  3). 
T h e  cupr ic  f e r rocyan ide  g ranu le s  f i l led . the  space  b e t w e e n  
t he  2 p l a s m a l e m m a s  a t  s i tes  of ex t ens ive  h y d r o l y s i s  of 
ac ty l th iocho l ine  iodide. However ,  a t  s i tes  of s o m e w h a t  
weaker  ac t iv i ty ,  t h e  reac t ion  p r o d u c t  was  loca ted  a d j a c e n t  
to  the  ex t race l lu la r  side of t he  2 s a r c o l e m m a s  (Figure  3 
insert) .  

Discussion. Th e  p re sen t  work  d e m o n s t r a t e s  t ha t ,  in 
c o n t r a s t  to  t h e  accep ted  view, 2 musc le  f ibres  of s t r i a t e d  

Fig. 3. Electron nlicrograph cut longitudinally through the struc- 
ture seen in Figure 1. Note that there are 2 muscle fibres, MF 1 
and Ml"e, which are separated only by their plasmalemmas without 
any intervening tendon of coimective tissue. No special sarco- 
plasmic structures, contact regions or nerves are present. The AChE 
activity partially fills the space between the 2 sarcolemmas. At 
higher magnification the reaction granules can be seen adjacent to 
the extraeellular side of the sarcolemina (arrow). I)iaphragm. Kar- 
novsky reaction, x 10,000 (iusert • c. 20,000). 

skeletal  nmsc le  can  be apposed  to each  o the r  w i t h o u t  
the  i n t e r m e d i a t i o n  of a connec t ive  t i s sue  t endon ,  a l t h o u g h  
the  p h e n o m e n o n  a ppe a r s  to be ve ry  rare.  The  s t r u c t u r a l  
d i f fe ren t i a t ion  of th i s  k ind  of m y o m y o u s  j u n c t i o n  (MMJ) 
in s t r i a t ed  skele ta l  musc l e  f ibres a ppe a re d  to be whol ly  
c o m p a r a b l e  to the  s t r u c t u r e  of the  MTJ .  The  local increase  
of A C h E  a c t i v i t y  in t he  musc le  p l a s m a  m e m b r a n e  of t he  
MMJ is in te res t ing .  The  e n z y m e  is p r e s u m a b l y  loca ted  
on the  ex t race l lu la r  side of t he  2 s a r c o p l a s m a  m e m b r a n e s ,  
s ince t rue  ex t race l lu la r  loca t ion  of the  e n z y m e  in t he  
musc le s  seems  un l ike ly  13. I t s  f unc t i on  in the  nmsc le  ter-  
m ina l  ha s  ye t  to be expla ined .  

Some specu la t ions  can  be made ,  however .  Sugges t ions  
h a v e  been  m a d e  earlier t h a t  A C h E  a c t i v i t y  in the  musc le  
ha s  some  bea r ing  on t he  c o n d u c t i o n  of exc i t ab i l i t y  in t he  
musc le  f ibre ~4. Accord ing  to KARNOVSKY 14, t he  in ter -  
ca la t ed  disc of the  h e a r t  muscle ,  w h ic h  is capab le  of 
sp r e a d ing  the  impulse ,  is devoid  of A ChE  ac t iv i ty ,  un l ike  
t he  MMJ,  as obse rved  in t he  p r e se n t  work.  I t  t h u s  s e ems  
possible  t h a t  t he  A C h E  a c t i v i t y  of t he  M T J  a n d  MMJ 
m a y  be func t iona l ly  c onne c t e d  w i th  l i m i t i n g  the  sp read  
of impu l se  c o n d u c t i o n  in ske le ta l  s t r i a t ed  musc le  fibres.  

Zusammen/assung. Mit l icht-  u n d  e l e k t r o n e n m i k r o s k o -  
p i schen  M e t h o d e n  wird de mons t r i e r t ,  dass  die quer -  
ges t re i f t en  Muske l f a se rn  sich ohne  kol lagenes  Binde-  
gewebe a n  ande re  Muske l f a se rn  ansch l i e s sen  k6nne n .  An  
den  gegeni iber  l i egenden  S a r c o p l a s m a m e m b r a n e n  k o n n t e  
Aze ty l cho l ines t e ra se  na c hge w ie se n  werden .  

H. TERXVAINEN 

University o/ Helsinhi, Department o/ Anatomy, 
Helsinki (Finland), 70 December 1968. 

16 E. S. I{EYNOLDS, J. Cell Biol. 17, 208 (1963). 
17 F. S. SJ6STRAND, E. ANDERSON-CEDER6REN and M. M. DEWEY, 

J. Ultrastruet. Res. 1, 271 (1958). 


