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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. 
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Results. Typical  small  axon  te rminals  2 f rom unmyel i -  
na t ed  nerves were seen to  be apposed  to the  p lasma  mem-  
brane  of s low-type  muscle  fibres (Figure 1) in the  un- 
opera ted  animals.  

The fine s t ruc ture  of the  mul t ip le  endings  in the  
opera ted  group was ident ical  wi th  t h a t  of the  controls  

af ter  bo th  uni- and bi la tera l  (Figure 2) cervical  ganglion-  
ec tomy,  even 17 days  af ter  the  operat ion.  

The possibi l i ty  t h a t  the  mul t ip le  endings  f rom un- 
mye l ina ted  nerves  were der ived f rom the  superior  cervical  
ganglion is thus  excluded.  The possibil i t ies t h a t  t he  
neurones  of origin are located  in the  ciliary ganglion or 
arr ive wi th  t he  t h i rd  or f i f th  cervical  nerves  are now 
under  invest igat ion.  

Zusammen/assung. Die U l t r a s t r u k t u r  der aus n icht -  
myel inhal t igen  Nervenfase rn  s t a m m e n d e n  kleinen moto-  
r ischen E n d p l a t t e n  in den Augenmuske ln  der  R a t t e  
wurde  unte rsucht .  S t rukture l le  VerXnderungen waren  
nach  E n t f e r n e n  des Ganglion cervicale superior  n ich t  
festzustel len.  
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Fig. 2. Myoneural junction from unlnyelinated nerves 17 days after 
bilateral removal of superior cervical ganglion. No degenerative 
changes. • 30,000. 
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Ident i f i cat ion  of a C a t e c h o l a m i n e  in the Sk in  of the Toad ,  Xenopus laevis, and the Relat ion  to the 
P h y s i o l o g i c a l  Me lanophore  Reac t ion  

In  1960 DAVEY 1 publ i shed  a hypo thes i s  abou t  the  
ac t iv i ty  of M S H  - in vi t ro  - in re la t ion to the  physio-  
logical melanophore  react ion.  He  pos tu la ted  an indolalkyl-  
amine  s tored in the  skin of Xenopus laevis, which  caused 
dispers ion of the  melanophores  in i t ia ted  by  MSH.  

In  order  to inves t iga te  the  s torage of a biogenic amine  
in the  skin of X. laevis, which  is released dur ing  the  
dispersion reac t ion  of the  melanophores ,  an analysis  was 
made  of skin of l ight  and  dark  adap t ed  animals  by  the  
m e t h o d  developed by  FALCK et a l ) .  

Therefore  toads  were adap t ed  dur ing  various periods 
to  a whi te  or black background.  The toads  were killed 
by  plunging t h e m  into  l iquid n i t rogen and pieces of skin 
were cut  off in the  frozen s ta te  and immed ia t e ly  lyo- 
phyl ized.  Dried pieces of skin were t r ea t ed  wi th  gaseous 
formaldehyde ,  e m b e d d e d  and sect ioned for f luorescence 
microscopy.  

The t issue sections were examined  wi th  ac t iva t ion  
fil ter UG1, m a x i m u m  of t ransmiss ion  a t  365 nm, and  
barr ier  fi l ter 41, t ransmiss ion  f rom 410 n m  (filter nota-  
t ions  according to Schott) .  Ju s t  below the  epidermis  a 
s t r ip  of green fluoresceing mater ia l  was found.  Compared  
wi th  animals  which were adap t ed  for 3-6 days  to a 
whi te  background  (Figure A), a decrease in the  green 
fluorescence and a nar rowing  of the  str ip was observed 

in animals  which were ad ap t ed  for the  same per iod to  
a black background  (Figure B). 

Using the  sodium borohydr ide  reduc t ion  m e t h o d  of 
CORRODI et  al. a, t he  f luorescence could def in i te ly  be 
ascribed to biogenic amines.  The colour of the  f luorescent  
mater ia l  indica ted  a ca techolamine  r a the r  t h a n  an indol- 
a lkylamine.  

In  order  to inves t iga te  the  na tu re  of this  catechol-  
amine,  a chemical  analysis  of a skin ex t rac t  was made.  
Using the  f luor imetr ic  m e t h o d  of BERTLER et  al. 4, a 
d i s t inc t ion  can be made  be tween  DOPA,  noradrenal ine ,  
adrenal ine  and  dopamine .  An ex t r ac t  was made  of abou t  
800 mg dorsal  skin of a l ight  a d a p t e d  toad.  The catechol-  
amines  were sepa ra ted  on a co lumn wi th  negat ive ly  
charged groups (Dowex 50W X-8 200-400 mesh) by  
elut ion wi th  d i f fe rent  solvents .  W i t h  th is  m e t h o d  each 
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