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also i n c u b a t e d  for 1:/~ h in  t he  same  i n c u b a t i o n  m e d i u m  
a n d  were e x a m i n e d  u n d e r  t he  l igh t  microscope.  D F P  (Di- 
i sopropyl  f luo rophospha te )  and  62 C 47 [1,5-bis(4-tr i-  
m e t h y l  a m m o n i u m  p h e n y l ) p e n t a n  3-one iodid I a t  con- 
c e n t r a t i o n s  of 10 SM comple t e ly  abo l i shed  t he  r eac t ion  
of ACHE. No inh ib i t o r s  of nonspeci f ic  cho l ines te rase  were 
added  to the  i n c u b a t i o n  m e d i u m  as t he  l a t t e r  e n z y m e  is 
no t  p r e sen t  in t he  p e r i k a r y a  of r a t  sensory  gangl ia  1,~,1~ 

L i g h t  microscope  obse rva t ions  showed a ne twork- l ike  
p a t t e r n  of t he  r eac t ion  p r o d u c t  m a i n l y  in t he  smal l  
neu rones  (Figure 1). Similar ly ,  t he  e lec t ron  microscope 
revea led  a pos i t ive  r eac t ion  m a i n l y  in t he  smal l  neurones .  
The  reac t ion  p r o d u c t  was depos i t ed  in t he  cys te rnae ,  
vesicles and  vacuoles  of t he  Golgi  a p p a r a t u s ,  and  a t  t he  
p l a s m a  m e m b r a n e  (Figures 2, 3). T he  e lec t ron  micro-  
g raphs  ind ica t ed  t h a t  p r e s e r v a t i o n  of t he  t issue is ade-  
qua te .  No r eac t ion  p r o d u c t  was  seen in t h e  nuclei,  mi to -  
c h o n d r i a  or endop lasmic  re t i cn lum.  

The  p r e sen t  d a t a  are pa r t i a l ly  in a g r e e m e n t  w i t h  o the r  
r epo r t s  on t h e  ac t i v i t y  of A C h E  in t he  cen t ra l  ne rvous  
s y s t e m  and  s y m p a t h e t i c  gangl ia  ~ 7. I n  these  neurones ,  
loca l iza t ion  of t he  r eac t ion  p r o d u c t  was  obse rved  in t he  
Golgi  a p p a r a t u s  a n d  p l a s m a  m e m b r a n e  as well  as in  t he  
rough  endop lasmic  re t i cu lum.  However ,  in  the  p r e sen t  

s tud ies  no  pos i t ive  r eac t ion  was obse rved  in t h e  r o u g h  
endop la smic  r e t i c u l u m  of t h e  neurones .  I t  is n o t  possible  
a t  p r e sen t  to  exp la in  t h e  absence  of a c t i v i t y  of A C h E  
in t h e  endop la smic  re t i cn lum.  

The  p r e s e n t  resu l t s  m a y  add  i n f o r m a t i o n  to t he  a s sump-  
t i on  t h a t  some of t he  neu rones  of t he  sensory  gangl ia  are 
chol inergic  3,11,12. 

Resumen. Ut i l i zando  el microscopio  e lec t r6nico se de- 
m o s t r 6  a c t i v i d a d  enzymAtica  de la ace t i l co l ines te rasa  en 
el a p a r a t o  de Golgi y a n ive l  de la m e m b r a n a  p lasmAtica  
de las n e u r o n a s  del gangl io del t r i g6mino  en ra tas .  
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Elec tron  M i c r o s c o p i c  L o c a l i z a t i o n  of A c e t y l c h o l i n e s t e r a s e  in S m a l l  Mul t 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  

There  are 2 d i f fe ren t  types  of m y o n e u r a l  j u n c t i o n s  in 
t he  ex t r aocu l a r  muscles  of d i f fe ren t  a n i m a l s  (for earl ier  
l i t e r a t u r e  see e.g. TERAVKINEN1). One of the  j u n c t i o n s  
is fo rmed  f rom a m y e l i n a t e d  ne rve  and  ha s  a s t r u c t u r e  
c o m p a r a b l e  w i t h  a n o r m a l  m o t o r  end  p la t e  of s t r i a t ed  
ske le ta l  muscle  f ibres  in b o t h  t he  l igh t  microscope a n d  
t he  e lec t ron  microscope.  The  o the r  t y p e  of m y o n e u r a l  
j u n c t i o n  differs s t r ik ing ly  f rom the  m o t o r  end  pla te ,  
since i t  is der ived  f rom a n o n - m y e l i n a t e d  ne rve  a n d  ter-  
m i n a t e s  in m a n y  smal l  endings.  

Since the  l igh t  microscopic  d i s t r i b u t i o n  of chol ines te rase  
a c t i v i t y  was closely cor re la ted  w i t h  t he  e lec t ron  micro-  
scopic s t r u c t u r e  of t he  junc t ion ,  i t  was  sugges ted  t h a t  
these  'mu l t i p l e  end ings '  are chol inergic  e x c i t a t o r y  synapses  
to  e x t r a o c u l a r  muscle  f ibres 4. Because  t h e  d i s t r i b u t i o n  of 
cho l ines te rase  h a d  been  s tud ied  on ly  b y  l igh t  microscopy,  
i t  was  decided to  exam i ne  t he  ace ty lcho l ines te rase  (ACHE) 
a c t i v i t y  of these  mu l t ip l e  end ings  a t  t he  e lec t ron  micro-  
scope level. 

Methods. A d u l t  Sp rague -Dawley  r a t s  were kil led u n d e r  
e the r  anaes thes i a  b y  decap i t a t ion ,  and  t he  rec tus  media l i s  
muscle  was i m m e d i a t e l y  r e m o v e d  a n d  f ixed for 20-40 m i n  
a t  4 ~ w i t h  2.5 % so lu t ion  of g l u t a r a l d e h y d e  buffered  w i t h  
p h o s p h a t e  a t  p H  7.2~. The  muscles  were  cu t  in to  smal l  
pieces of a b o u t  0.5 m m  t h i c k  w i t h  a r azor  b l ade  and  
w a s h e d  a t  4 ~ w i t h  0 . 2 5 M  sucrose for a b o u t  12 h. 

The  presence  of ace ty lcho l ines te rase  (EC. 3.1.1.7) was  
d e m o n s t r a t e d  us ing  ace ty l th iocho l ine  iodide (F luka  AG, 
Buchs)  as s u b s t r a t e  t o g e t h e r  w i t h  10 5 M  te t r a - i sopropy l -  
p y r o p h o s p h o r a m i d e  ( iso-OMPA; L. L i g h t  & Co. Ltd., 
Colnbrook)  in  t he  i n c u b a t i o n  so lu t ion  to  exclude  a c t i v i t y  
due  to  o the r  cho l ines te rases  (EC. 3.1.1.8), Cont ro l  s tud ies  
were m a d e  w i t h  b o t h  iso-OMPA a n d  10 -~M 284C51 
(Bur roughs  a n d  Wellcome,  London)  in  t he  i n c u b a t i o n  
solut ion.  The  fe r ro- fe r r icyanide  m e t h o d  a was used  a t  
4~ a n d  p H  6.0, w i t h  an  i n c u b a t i o n  t i m e  of 60-180 rain.  

The  spec imens  were t h e n  w a s h e d  for 30 min  in p h o s p h a t e  
buffer ,  d e h y d r a t e d  w i th  g raded  series of e thy l  a lcohol  
a n d  e m b e d d e d  in E p o n  8124. The  sect ions  were a f te r -  
s t a ined  w i t h  lead c i t ra te  5. 

Results and discussion. A C h E  a c t i v i t y  was obse rved  in 
t he  smal l  mul t ip le  end ings  in t he  r ec tus  media l i s  muscle.  
The  reac t ion  was localized b e t w e e n  t he  s y n a p t i c  m e m -  
branes .  W i t h  longer  i n c u b a t i o n  t imes,  t he  end  p r o d u c t  of 
t he  r eac t ion  to ta l ly  filled t h e  s y n a p t i c  clef t  a n d  a c t i v i t y  
was also obse rved  b e t w e e n  t he  m e m b r a n e s  of t he  axon  
t e r m i n a l  and  t he  te logl ia l  cell (Figure).  The  s y n a p t i c  
vesicles were nega t ive .  Some sca t t e r ed  granules  w i t h  a 
d i f fe ren t  fo rm f rom the  p r e c i p i t a t i o n  g ranu le  of t he  
r eac t ion  p r o d u c t  were obse rved  t h r o u g h o u t  t he  sect ions.  
T h e y  were u n r e l a t e d  to p a : t i c u l a r  s t r u c t u r e s  a n d  r ega rded  
as a r t i fac ts .  

The  fe r ro- fe r r icyanide  m e t h o d  ha s  p rev ious ly  been  
used w i t h  some success to  localize cho l ines te rase  ac t i v i t y  
in t h e  m o t o r  end  plate ,  where  the  e n z y m e  a c t i v i t y  was 
in t ense  a n d  t he  i n c u b a t i o n  t i m e  sho r t e r  6. I n  t h e  p r e s e n t  
work,  t h e  m e t h o d  d id  no t  a p p e a r  to  be  v e r y  su i t ab le  
for e lec t ron  microscopic  h i s t o c h e m i s t r y  if t h e  a c t i v i t y  
to  be  d e m o n s t r a t e d  was on ly  modera t e ,  as was  t he  case 
in these  smal l  j u n c t i o n s  1. There fo re  t h e  exac t  loca t ion  
of A C h E  in respec t  of t h e  s y n a p t i c  m e m b r a n e  of these  
smal l  junc t ions ,  r ema ins  to  be  shown.  However ,  t he  
p r e sen t  work  d e m o n s t r a t e s  b e y o n d  a n y  d o u b t  t h a t  these  
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endings  exhib i t  an ace ty lchol ines terase  ac t iv i ty  and are 
therefore  likely to  be cholinergic. The con t rac t ion  of t he  
ex t raocular  muscles by  adrenergic  agents  7,8 still awai t s  
an explanat ion .  

Zusammen[assung. Elek t ronenmikroskop i sch  wird ge- 
zeigt, dass  die aus n i ch tmye l inha l t igen  Nervenfase rn  
s t a m m e n d e n  kleinen motor i schen  E n d p l a t t e n  in den  
Augenmuske ln  der  R a t t e  Azetylcholinesterase-Aktivit~Lt 
haben.  
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AChE activity in the small myoneural junction arising from un- 
myelinated nerves in the extraocular muscles of the rat. The reaction 
totally fills the irregular synaptie clefts (SC) and activity is also 
seen between the teloglial cell (TC) and the axon terminal (A). The 
scattered precipitate (arrow) is regarded as an artifact (see text). 
• 17,000. 

Cervical Sympathectomy and the Origin of Small  Nerve Endings in the Extraocular Muscles of 
the Rat 

Two s t ruc tura l ly  d i f ferent  t ypes  of myoneura l  j unct ions  
are p resen t  in the  ex t raocular  muscle fibres. One of the  
endings  comes f rom mye l ina ted  nerves  and has  tile s t ruc-  
ture  of an o rd inary  myoneura l  j unc t ion  of skeletal  s t r ia ted  
muscle  fibres 1,2. The s t ruc tu re  of the  second t y p e  of 
myoneura l  junc t ion  is different .  I t  is ve ry  small  (even 
less t h a n  1 ~z), is der ived  f rom u n m y e l i n a t e d  nerves,  and  
possesses a fine s t ruc tu re  resembl ing  t h a t  of the  cholinergic 
exc i t a to ry  synapse  2. The locat ion of the  neurones  sup- 
p ly ing  the  u n m y e l i n a t e d  nerves  to  these  'mul t ip le  end-  
ings '  2 is u n k n o w n  and  it is no t  even known  by  which  
ana tomica l  p a t h w a y  the i r  axons  reach the  ex t raocu la r  
muscles.  

A lesion of the  super ior  cervical  ganglion causes par t ia l  
para lys is  of the  leva tor  pa lpebrae  superioris muscle  (e.g. 
DAVSONa). S t imula t ion  of th is  ganglion can somet imes  
also cause con t rac t ion  in the  ex t raocular  muscles 4, which  
have  been  repor ted  to  have  nerve  endings  f rom un- 
mye l ina t ed  nerves  of the  s y m p a t h e t i c  per ivascular  
p lexus  5,6. Therefore,  we decided to s tudy  the  fine s t ruc-  
ture  of mul t ip le  endings  in the  ex t raocular  muscle fibres 
a f te r  expe r imen ta l  removal  of the  superior  cervical  
ganglion.  

Methods. Adul t  Sprague-Dawley  l abora to ry  ra ts  were 
used in the  exper iments .  The super ior  cervical  ganglion 
was  r em oved  e i ther  uni- or b i la tera l ly  under  e ther  
anaes thes ia .  The rec tus  superior,  lateral is  and medial is  
muscles  were p repa red  12 h, 2, 4 and  17 days  a f te r  t he  
opera t ion  af ter  decap i t a t ion  of the  animals  under  e ther  
anaes thes ia .  The muscles  were f ixed at  4~ wi th  2.5% 
g lu ta ra ldehyde  in p h o s p h a t e  buffer  a t  p H  7.2 7 and pos t -  
f ixed wi th  1% OsO 4 in the  p h o s p h a t e  buffer.  Af te r  de- 

h y d r a t i o n  wi th  graded series of e thy l  alcohol, E p o n  812 8 
was used for embedding .  The sect ions were counter -  
s ta ined  wi th  lead c i t ra te  ~ 

Fig. 1. Myoneural junction derived from unmyelinated nerves (N) 
in the unoperated rat. 2 axon terminals (TAX) apposed to the 
muscle plasma membrane and 2 vesiculated axon processes are 
seen. • 15,000. 


