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Fine S t r u c t u r e  of a N e u r o s e c r e t o r y  A x o n  in a Crus tacean  Ske le ta l  M u s c l e  

We h a v e  no t iced  in Carcinus claw closer muscle  a n u m -  
ber  of s ca t t e r ed  s t r ap l ike  ne rve  end ings  wh ich  are com- 
p le te ly  d i f fe ren t  in  a p p e a r a n c e  f rom t h e  m a i n  m o t o r  ne rve  
end ing  popu la t ion ,  p r e s en t  in  a b u n d a n c e  on  eve ry  muscle  
fibre.  W h e r e a s  t h e  m a i n  m o t o r  n e r v e  end ings  c o n t a i n  
un i fo rm  e lec t ron- lucen t  s y n a p t i c  vesicles of a b o u t  500 
d iameter ,  t h e  s t rap- l ike  end ings  con t a i n  a v a r i e t y  of 
vesicles up  to  a l m o s t  4000 _~ d i a m e t e r  w i t h  v a r y i n g  de- 
grees of e lec t ron  opaci ty ,  s t rong ly  sugges t ive  of g r a n u l a r  
neu rosee re to ry  ves ic lesh  The  s t rap- l ike  n e r v e  end ings  
a p p e a r  to  be long  to  one or more  neu rosec re to ry  axons  
r u n n i n g  t h r o u g h  t h e  muscle.  

Neurosec re to ry  end ings  are k n o w n  in some insec t  skele- 
t a l  muscles  s-a a n d  ATWOOD et  al. 5 h a v e  r ecen t l y  descr ibed  
s ca t t e r ed  neu rosec re to ry  vesicles in t he  m a i n  m o t o r  n e r v e  
t e r m i n a l  p o p u l a t i o n  of some c r u s t a c e a n  ske le ta l  muscles.  
The  end ings  descr ibed  here  a p p e a r  to  be  t he  f i r s t  ev idence  
of d i sc re te  neu rosec re to ry  axons  in c r u s t a c e a n  ske le ta l  
m u s c l e a n d  t h e i r  vesicle c o n t e n t  ha s  been  e x a m i n e d  in t he  
hope  t h a t  t h i s  would  cas t  some l igh t  on t h e  func t i on  of t he  
a x o n .  

Melhods.  I so l a t ed  f ibres  of t h e  c law closer musc le  of 
Carcinus rnaenas were f ixed in 5 % g l u t a r a l d e h y d e  in 0.1 M 
sod ium cacody la t e  and  0.25 2kr sucrose  for 1 h. Af te r  pos t -  
f i xa t ion  in  2 %  osmic acid for 30 ra in  t h e  f ibres  were 
d e h y d r a t e d  t h r o u g h  a n  e t h a n o l  series and  e m b e d d e d  in 
epom T h i n  sect ions  (500 A_) were cu t  on  a Re iche r t  O m U 2  
u l t r a m i c r o t o m e ,  m o u n t e d  on  f o r m v a r  a n d  c a r b o n  coa ted  
grids a n d  s t a ined  w i t h  u r a n y l  a ce t a t e  and  lead c i t ra te .  
Sect ions  were e x a m i n e d  on a n  A E I  E M  801 a t  80kV ex- 
c i t a t ion  vol tage .  The  deta i l s  of these  m e t h o d s  h a v e  been  
pub l i shed  e lsewhere  6. 

Results.  The  neu rosec re to ry  a x o n  t e rmina l s  were char-  
ac te r i s t i ca l ly  long  an d  s t rap- l ike  (up to  1.5 m m  long) 
m a k i n g  up  to  a b o u t  15 l o o s e  con t ac t s  w i th  t he  ex t ra -  
cel lular  c o n n e c t i v e  t i ssue  a r o u n d  t he  musc le  f ibre  a long i ts  
l ength .  The  p h o t o m i c r o g r a p h  in F igure  1 is a low-power  
v iew of a sec t ion  of a neu rosec re to ry  end ing  a t  a p o i n t  
where  i t  a b u t s  on to  s a r co l emmal  mate r ia l .  A t  th i s  p o i n t  
t h e  musc le  f ibre  ha s  a complex  s a r c o l e m m a  w i t h  a t o u g h  
ou te r  mucopo ly saccha r i de  shea th (S) .  However ,  t h e  f ibre  
p e r i p h e r y  has  no e l a b o r a t e d  s u b - s y n a p t i c  region wh ich  
could be  c o m p a r e d  w i t k  t h a t  of a n o r m a l  end-p la te .  

The  a x o n  is p a c k e d  a long i ts  l e n g t h  w i t h  m e m b r a n e -  
b o u n d e d  vesicles which  v a r y  f rom smM1 e lec t ron  lucen t  
var ie t ies  to  large e l ec t ron-opaque  types  (Figures 2 a n d  3). 
A 1 m m  l e n g t h  of axon  t e r m i n a l  was  s canned  a t  h i g h  
power  and  t h e  vesicles were c o u n t e d  a n d  measured .  The  
s egmen t  c o n t a i n e d  248 vesicles wh ich  were d i s t i nc t  e n o u g h  
to  p e r m i t  m e a s u r e m e n t  a n d  v i sua l  classif icat ion,  on ly  6 
obv ious ly  d a m a g e d  vesicles were ignored.  

Classified on size, t i le vesicles fall  in to  4 peaks  a t  1200, 
1900, 3100 a n d  3700 ~_, b u t  t he  midd le  vesicle r ange  f rom 
1600 to 2100 A was n o t  morpho log ica l ly  homogeneous .  

Classification of vesicles by size and appearance and their relative 
abundance 

Type of vesicle Mean size (A) Relative abundance" 

Large, very dense 3100 14 
Large, granular 3700 5 
Medium, very dense 1800 23 
Medium, granular 1700 16 
Medium, light granular 2000 3 
Small, clear 1300 39 

Expressed as a percentage of the total vesicle count. 

The  Tab le  shows a more  r a t i o n a l  c lass i f ica t ion based  on  
b o t h  size a n d  appea rance ,  a n d  i t  can  be  seen t h a t  6 
d i s t i nc t  t ypes  are p resen t .  I t  is c lear  t h a t  these  axon  
t e r m i n a l s  h a v e  a v e r y  complex  vesicle con ten t ,  a n d  since 
t he  d i f fe ren t  t ypes  p r o b a b l y  con t a in  d i f fe ren t  neuro-  
secre tory  p roduc t s ,  t he  n a t u r e  of t h e  p roduc t s ,  t h e i r  
syn thes i s  and  t he  t a r g e t  a reas  af fected b y  the i r  release will 
p rove  v e r y  di f f icul t  to analyse .  

Discussion.  W h e r e a s  ATwooD et al. 5 on ly  no t iced  a few 
neu rosec re to ry  granules  m i x e d  in wi th  t he  n o r m a l  s y n a p -  
t ic  vesicles in c r u s t a c e a n  nerves,  t h i s  s t u d y  d e a r l y  shows 
t h a t  d iscre te  neu rosec re to ry  axons  do occur  in  c rab  skele- 
ta l  muscle.  A l t h o u g h  no  v e r y  close assoc ia t ion  was seen 
be tween  t he  axon  a n d  t he  muscle  f ibres,  t h e  p resence  of 
such  large  n u m b e r s  of vesicles m a k e s  i t  un l ike ly  t h a t  t h e  
axon  was r o u t e d  t h r o u g h  t h e  muscle  to  some o the r  t a r g e t  
s t ruc tu re ,  and  we m u s t  conc lude  t h a t  t he  end ings  are  
p r o b a b l y  assoc ia ted  w i t h  t h e  func t i on ing  of t he  muscle .  

OSBORNE et  al. 4 no t i ced  t h a t  m o s t  of t he  neu rosec re to ry  
m a t e r i a l  re leased f rom t h e  neu rosec re to ry  end ings  in  
insec t  a n d  frog muscle  was l i b e r a t e d  in to  t h e  h a e m o l y m p h  
or in to  t he  c o n n e c t i v e  t i ssues  wh ich  sepa ra t e  t h e  muscle  
fibres.  Th i s  is t he  m o s t  l ikely e x p l a n a t i o n  of t he  fa te  of 
t he  vesicles in  t h e  end ings  descr ibed  here,  s ince no  syn-  
apt ic- l ike  con t ac t s  w i t h  t h e  muscle  are p resen t ,  b u t  t he  
f ibres  are s u r r o u n d e d  b y  a n  e l abo ra t e  connec t ive  t i ssue  
s h e a t h  (Figure  1). 

T h a t  neu rosec re to ry  m a t e r i a l  m a y  be  e jec ted  in to  t he  ex- 
t r ace l lu la r  space  nea r  t he  muscle  f ibres is sugges ted  b y  the  
presence  of t he  modera t e - s i zed  clear  vesicles which  m a y  
c o n s t i t u t e  40% of t he  t o t a l  vesicle count .  These  vesicles, 
a t  1300 A are  fa r  la rger  t h a n  t h e  500 A clear  s y n a p t i c  
vesicles of c rus taceae  5 a n d  t h e r e  is now m u c h  ev idence  
t h a t  t h e  modera t e - s i zed  clear  vesicles are i nvo lved  in  t h e  
neu rosec re to ry  release process  7. I f  neu rosec re to ry  vesicles 
release t h e i r  p r o d u c t s  bY exocytos is  (see SmTI~ 7-9) t h e n  
a m e m b r a n e  r e t r i eva l  process  wil l  be  essential ,  a n d  t he  
clear  vesicles m a y  be  t h e  end  p r o d u c t s  of th i s  process  7, 
E i t h e r  t he  clear  vesicles m a y  b u d  inwards  f rom t h e  genera l  
ne rve  m e m b r a n e  ~ or t h e y  m a y  fo rm f rom t h e  neuro-  
secre tory  vesicle as i ts  c o n t e n t s  are released.  These  vesi-  
cles m a y  well  be  i nvo lved  in t h e  r e syn thes i s  of neuro-  
secre tory  m a t e r i a l  in  c o n j u n c t i o n  w i t h  t he  n e u r o f i l a m e n t  
s y s t e m  ~0, ~. 

The  presence  of neu rosec re to ry  vesicles in ne rve  t e rmi -  
nals  assoc ia ted  w i t h  ske le ta l  muscles  is so widespread  
t h a t  i t  can  be no longer  ignored,  a n d  i ts  is c lear  t h a t  we 
are fa r  f rom u n d e r s t a n d i n g  t h e  n a t u r e  and  ~unct ion of 
synap t i c  a n d  neu rosec re to ry  vesicles in  Ar th ropods ,  since 
these  vesicles are  far  more  d iverse  t h a n  fo rmer ly  supposed.  
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Several reports12m14 have now identified substances such 
as noradrenaline, dopamine and 5-hydroxytryptamine in 
neurosecretory vesicles and ATWOOD et a1.5 have ten- 
tatively suggested that the contents of neurosecretory 
vesicles may mediate the well established trophic effect 
of nerve on muscle15. If this is true, then the only dif- 
ference between the endings described here and those of 
ATWOOD et a1.5 is that in Car&us the trophic vesicular 
element has become separated from the synaptic vesicular 
element at the peripheral sites. 

Re’sumd. Un axone neuro-s&r&em- & extrt5mit6s loca- 
1isCes dans le muscle squelettique du crane Cavcinus est 
dCcrit. Ces extr&mit&s contiennent 6 sortes de vBsicules 
ayant les diambtres de 1300 a 3700 A. 11 est sugg&C que 
les petites vesicules correspondent & la phase de r&ablis- 
sement de la membrane, pendant la d&charge des granules 
neuro-s&r&eurs. On suppose aussi que cet axone peut- 

Fig. 1. Longitudinal section through part of a 
strap-like neurosecretory axon terminal. The 
axon, somewhat convoluted along its length, 
makes loose contact at several points with the 
extracellular connective tissue sheath(S) sur- 
rounding the muscle fibre (not shown). The 
axon, at this point, is packed with large 
granular or dense membrane-bounded vesicles. 
A few small clear vesicles(V) are evident in the 
upper left-hand corner. x 14,000; scale 1 pm. 

Fig. 2. Portion of a neurosecretory axon 
running in a cleft between 2 fibres completely 
bounded by extracellular sheath material(S). 
Note the large aggregations of medium-sized 
electron-lucent vesicles(V). x 11,100; scale 
1 pm. 

Fig. 3. High-power view of some neuro- 
secretory vesicles showing the variations in 
size and appearance. x 42,000; scale 0.5 pm. 

&t-e I’intermCdiaire d’une influence trophique du nerf sur 
le muscle. 

H. HUDDART~~ and S.J. BRADBURY~~ 

Department of Biological Sciences, 
University of Lancaster, 
Bailrigg (Lancaster, England), 
17 Januavy 1972. 

I2 T. HOCKFELT, Acta physiol. stand. 76,427 (1969). 
I3 H. M. GERSCHENPIELD, Z. Zellforsch. 60, 258 (1963). 
I4 R. L. SNIPES, H. THOENEN and J. P. TRANZER, Experientia 24,1026 

(1968). 
I5 L. GUTH, Physiol. Rev. 48, 645 (1968). 
I6 I am most grateful to Mr. K. OATES and Mr. G. R. ABRAM for 

excellent technical assistance. 
I7 Supported by a Research Studentship from the Science Research 

Council. 

Immunological Activity of Transplanted Spleens in Xenopus Zaevis 

Adults of Xenopus laevis, like other amphibiansl, are its immunological basis is shown by thespecificaccelerated 
known to show immunological responses when maintained rejection of second set grafts4. 
at a temperature of 20°C or above. These responses in- In our experience with skin transplants, Xenopus main- 
elude the production of circulating antibody to soluble or tained at 24°C behaves in a manner broadly comparable 
to particulate antigen 2,3. Allograft rejection occurs2 and with mammals and birds. We have found that autografts, 


