
EXPERIENTIA 25/5 Specialia 523 

a l though  openings of the  secre tory  vacuoles or sacs in to  
the  per ivascular  spaces could not  be observed.  The 
second charac ter i s t ic  f inding in the  per ivascular  spaces 
is the  occasional  presence of fusiform s t r ia ted  s t ructures ,  
which  are found exclusively in an in t ima te  associat ion 
wi th  the  per ivascular  b a s e m e n t  m e m b r a n e  near  the  SCO 
basal  processes.  These s t ruc tures  are or iented  parallel  to 
the  per ivascular  ba semen t  m e m b r a n e  and composed  of 
numerous  fine f i laments  abou t  80 A in d iamete  r showing 
cross s t r ia t ions  wi th  a repea t ing  per iodic i ty  of abou t  
1200 A (Figure 2). Similar  s t r ia ted  s t ruc tures  have been 
h i the r to  disclosed in the  per ivascular  space of the  SCO 
of some mammals l~  ~ and are pos tu la ted  to be a typica l  
collagenous elements .  The significance of these s t r ia ted  
s t ruc tures  is still no t  comple te ly  elucidated,  bu t  according 
to  some authors  1L~2 it is assumed t h a t  t hey  migh t  p lay 
an i m p o r t a n t  role in metabol ic  in te rac t ion  be tween  the  
SCO and the  capillaries. 

The capil lary endothel ia l  cell conta ins  abundan t ,  prob-  
ab ly  pinocytot ic ,  vesicles and well-developed organelles 
such as the  Golgi appa ra tus  and the  rough endoplasmic  
re t iculum.  In  its cy top lasm also homogenous ly  dense 
granules  about  2000 ]~ in d iamete r  enclosed by  the  l imit ing 
m e m b r a n e  were of ten seen. However ,  it  has  not  been 
de t e rmined  whe the r  or no t  t hey  are absorbed secre tory  
subs tances  of the  SCO cells. No fenes t ra t ion  of the  endo- 
thel ial  cells was noticed.  

The aspects  of the  per ivascular  spaces descr ibed above 
m a y  serve as morphological  evidence for the  exis tence 
of the  possible basal  secret ion in the  gecko 14. 

Zusammen]assung. I m  Verlauf von e lek t ronenmikrosko-  
p ischen U n t e r s u ch u n g en  am Subkommissn ra lo rgan  (SKO) 
von  Gecko japonicus wurden  zwischen den SKO-Zel len 
und  den Kapi l la ren  brei te  per ivaskul~re Spal t r / iume be- 
obachte t ,  die mi t  f lockigen Subs tanzen  gefiillt s ind und  
m i t u n t e r  querges t re i f te  S t ruk tu ren  aufweisen.  Die funk- 
t ionelle Bedeu tung  dieser  perivaskulAren Spaltr~tume 
wurde  im Hinbl ick  auf die basale Sekret ion des SKO 
diskut ier t .  
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Lack  of Effect of C i l i a r e c t o m y  on the Fine S truc ture  of the S m a l l  Mult ip le  E n d i n g s  in the E x t r a -  
ocu lar  M u s c l e s  of the Rat  

The ext raocular  nmscles of the ra t  are innerva ted  in 
pa r t  by ord inary  myoneura l  junc t ions  arising from my-  
e l inated nerves and in pa r t  by nmlt ip le  small  junc t ions  
from unmye l ina ted  nerves  1. These ' small  mul t ip le  end- 
ings'  exhibi t  ace ty lchol ines terase  act ivi ty ,  as has been 
observed wi th  bo th  the  l ight  I microscope and the  elec- 
t ron  2 microscope, and the i r  fine s t ruc tu re  is similar to 
t h a t  of a typical  cholinergic exc i ta to ry  synapse  1. Nei ther  
the  site of the  nerve cell bodies connec ted  wi th  these 
unmye l ina t ed  nerves nor their  physiological  funct ion is 
known  (for references see TEF, AVXINEN 1). Because ext i r -  
pa t ion  of the  ganglion ciliare is r epor ted  to result  in 
progressive a t rophy  of the  ex t raocular  muscles a, and 
electrical  s t imula t ion  of the  ciliary ganglion is s ta ted  to 
cause cont rac t ion  of the  ex t raocular  muscles a, we decided 
to s tudy  the  fine s t ruc ture  of the  small  mul t ip le  endings  
af ter  removal  of the  ganglion ciliare. 

The ganglion ciliare of adul t  Sprague-Dawley  ra ts  was 
e i ther  removed  or e lect rocoagulated under  e ther  anaes- 
thesia.  The rectus  superior  and lateral is  muscles were 
p repa red  in e ther  anaes thes ia  for 24 h, 2, 4, 6, 9, and 21 
days  af ter  the  opera t ion  and fixed immedia te ly  a t  4~ 
and  p H  7.2 for 21/2 h wi th  2.5% g lu ta ra ldehyde  5 buffered 
wi th  phospha te .  The cont ra la te ra l  unope ra t ed  side served 
as a control .  Af ter  pos t f ixa t ion  wittl 1% osmium te t rox ide  
in the  phospha t e  buffer, the  specimens  were d e h y d r a t e d  
in graded series of e thy l  alcohol and  e m b e d d e d  in E p o n  
812 e. The sect ions were coun te r s t a ined  wi th  lead c i t ra te  7. 

Small  te rminals  of unmye l ina t ed  axons  were apposed  
to  the  e lect rondense  pos t synap t i c  m e m b r a n e  of the  
muscle fibres on the  unope ra t ed  contro l  side (Figure 1), 
as earlier descr ibed 1. ~Ve did not  observe degenera t ive  

Fig. 1. Electron micrograph of a small myoneural junction in the 
extraocular muscle of the unoperated side. One axon terminal (TAX), 
filled with vesicles and mitoehondria, is seen to be apposed to the 
electron-dense postsynaptie membrane (PSM) of the muscle fibre 
(MF). The section also passes through the unmyelinated nerves (N) 
from which the terminal is derived. The structure of the muscle fibre 
is of the slow type, with small mitoehondria and a relatively weakly 
developed sarcoplasmic reticuluin incompletely separating the muscle 
fibrils, x 10,000. 

Fig. 2. Small myoneural junction 21 days after removal of the 
ganglion ciliare. No degenerative changes are present {compare with 
Figure 1). x 15,000. 
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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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