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ca lc ium wh ich  was s ign i f i can t ly  g rea t e r  ( P  < 0.01, t- test)  
t h a n  in  t h e  con t ro l  samples  a t  7 ra in  a f t e r  s t imu la t ion ,  a n d  
also a t  20 ra in  a f t e r  s t i m u l a t i o n  ( P  < 0.05). R e c o v e r y  to 
non-s ign i f i can t  levels occur red  w i t h i n  35 rain.  A second 
s ign i f ican t  fall  ( P  < 0.05) occur red  be t w een  po in t s  6 a n d  
7. Th i s  fall  in p l a s m a  ca lc ium in response  to  vaga l  s t imu-  
l a t ion  was p r e v e n t e d  b y  a t r o p i n i z a t i o n  a n d  could also be  
i n i t i a t ed  b y  in jec t ions  of t he  p a r a s y m p a t h o m i m e t i c  d rug  
Carbachol .  Sect ion  of t he  lef t  v a g u s  gave  no response,  
i n d i c a t i n g  t h a t  a n y  n e r v o u s  con t ro l  is s t i m u l a t o r y  a n d  no t  
i n h i b i t o r y  as l las been  found  in t h e  frog u l t i m o b r a n c h i a l  1~. 

A l t h o u g h  i t  h a s  been  d e m o n s t r a t e d  a n a t o m i c a l l y  t h a t  
t he re  is a d i rec t  connec t ion  b e t w e e n  t h e  vagus  a n d  t h e  
i n n e r v a t e d ,  dense ly -g ranu la t ed ,  ep i the l io id  cells w i t h i n  
t he  u l t i m o b r a n c h i a l  body ,  t h e r e  is as ye t  no  d i rec t  
ev idence  t h a t  t h e  d rop  in p l a s m a  ca lc ium fol lowing v a g a l  
s t i m u l a t i o n  is caused  b y  release of ca lc i ton in  f r o m  t he  in- 
n e r v a t e d  cells. Such  ev idence  is a,t p r e s en t  be ing  sought .  
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Fig. 3. Effects of vagal stimulation (arrows) upon plasma total 
calcium in young, anaesthetized cockerels compared with unstimu- 
lated, control animals. (n) The difference between points 2 and 3 in 
the experimental birds was significantly different ( P <  0.01, t-test) 
to that in the controls. (B) and (c) The differences between points 
2 and 4 and 6 and 7 in the experimental birds was significantly 
different (P < 0.05) to that in the controls. 

The  c o m p a r a t i v e l y  smal l  a n d  t r ans i en t ,  t h o u g h  signifi- 
can t ;  decrease  in p l a s m a  ca lc ium is of i n t e r e s t  w h e n  
cons idered  ill t h e  l igh t  of o t h e r  results .  The  fa i lure  b y  
severa l  workers  ~t-x6 to  d e m o n s t r a t e  a fall in  p l a s m a  cal- 
c ium in  i n t a c t  ch ickens  of va r ious  ages a f t e r  t he  in jec t ion  
of e i the r  al logeneic or xenogene ic  ca lc i ton in  ha s  been  
ascr ibed  to t he  p r o b a b l e  ab i l i ty  of t h e  fowl p a r a t h y r o i d s  
to  r e spond  r ap id ly  to  a s ! ight  h y p o c a l c a e m i a  ~4,16. Such  a 
h y p o t h e s i s  would help  to a c c o u n t  for t he  t r ans i ence  of t he  
response  found  here.  

A neura l  m e c h a n i s m  of th i s  na tu re ,  pa r t i a l l y  cont ro l -  
l ing ca lc i ton in  secret ion,  could conce ivab ly  h a v e  con- 
s iderable  s ignif icance in b i rds  where  t h e r e  is a p a r t i c u l a r l y  
ac t ive  c a l c i u m  m e t a b o l i s m  assoc ia ted  w i t h  egg-shell  
fo rmat ion .  

Rdsumd. Le corps  u l t i m o b r a n c h i a l  de la poule  a une  
for te  i n n e r v a t i o n ,  p r o v e n a n t  en pa r t i cu l i e r  du  nerf  vague.  
On a cons ta t6  que  des f ibres  ne rveuses  se t e r m i n e n t  sur  
que lques  groupes  de cellules C. L a  s t i m u l a t i o n  du  v a g u e  
p r o d u i t  une  c h u t e  s igni f ica t ive  du t a u x  de ca lc ium du 
p lasma,  ce qui  d ~ m o n t r e  les propri@tCs d ' u n  effet  pro-  
voqu~ p a r  voie  p a r a s y m p a t h i q u e .  On propose  l 'hypoth&se 
que  l 'hypocalcCmie peue ~tre caus4e p a r  une  dCcharge de 
ca lc i ton ine  v e n a n t  des cellules C innervCes.  
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N a r r o w i n g s  of the  Synapt i c  Cleft i n M y o n e u r a l  J u n c t i o n s  

I n  t h e  course  of e lec t ron  microscopic  s tud ies  1 on  
mY0neura l  j u n c t i o n s  in  severa l  species, n a r r o w i n g s  of t he  
s y n a p t i c  clef t  were  obse rved  in m o t o r  n e r v e  t e r m i n a l s  of 
t h e  s t r i a t ed  i n t r a o c u l a r  muscle  f ibres  of t h e  ch i cken  
(Figure  1) a n d  in e x t r a o c u l a r  musc le  f ibres  of t he  r a t  
(Figure  2). I n  these  na r rowings ,  t he  5- layered s y n a p t i c  
m e m b r a n e  complex  of t h e  m y . n e u r a l  j u n c t i o n  is r educed  
t o  3 l ayers ;  t he  p l a s m a  m e m b r a n e s  of t h e  n e r v e  t e r m i n a l  
a n d  t h e  musc le  fibre,  wh ich  are  usua l ly  s epa ra t ed  b y  a 
500 A gap  con ta in ing ,  a b a s e m e n t  m e m b r a n e  layer,  ap-  
p r o a c h  as close as 160 A w i t h o u t  i n t e rpos i t i on  of b a s e m e n t  
m e m b r a n e  m a t e r i a l  (Figure  3). 

Accord ing  to  p rev ious  i nves t i ga t i ons  s, t h e  s p h i n c t e r  
pupi l lae  muscle  of t h e  chicken,  in  wh ich  na r rowings  of t h e  
s y n a p t i c  clef t  were found  severa l  t imes ,  consis ts  0n ly  of 
muscle  f ibres  w i t h  one m o t o r  endp la te .  These  endp la t e s  
do no t  h a v e  j u n c t i o n a l  folds. T he  n e r v e  t e r m i n a l s  c o n t a i n  

n u m e r o u s  synap t i c  vesicles b o t h  nea r  t h e  n o r m a l  5- 
l ayered  s y n a p t i c  m e m b r a n e  complex  a n d  nea r  t he  
3-layered na r rowings  of t he  s y n a p t i c  clef t  (Figure  1). 

The  m o t o r  end ing  s h o w n  in  F igure  2 was found  in a 
m u l t i p l y  i n n e r v a t e d  muscle  f ibre  3 of t he  o rb i t a l  region 
in a l a te ra l  r ec tus  bu lb i  muscle  of t h e  ra t .  The  m o t o r  

1 Fixation with glutaraldehyde in phosphate buffer and OsQ, 
embedding in epon, double staining of ultrathin sections with 
uranyl acetate and lead citrate. 
W. ZENK~R a~d E. KRA~MER, Z. Zellforsch. 83, 147 (1967). 
On the basis of a detailed study of muscle fibre types and their 
innervation in rat extraocular muscles (R. MAYa, in preparation) 
we are now able to discern multiply innervated fibres in these 
muscles using fine structural criteria. 
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e n d i n g s  of  t h i s  t y p e  of  m u s c l e  f ib re  m a y  h a v e  s h o r t  
j u n c t i o n a l  folds .  O n l y  few s y n a p t i c  ves ic les  a re  l o c a t e d  
n e a r  t h e  n a r r o w  r eg ions  of  t h e  j u n c t i o n a l  m e m b r a n e  
c o m p l e x  of  t h i s  f ibre .  

O u r  f i n d i n g s  in  t h e  r a t  e x t r a o c u l a r  m u s c l e  s e e m  to  cor -  
r e s p o n d  to  t h e  ' a x o n a l  p r o t r u s i o n s '  r e c e n t l y  d e s c r i b e d  b y  
TERAVXINEN 4. TO our  k n o w l e d g e ,  t h e r e  is o n l y  one  f u r t h e r  
r e p o r t  of  a s im i l a r  s i t u a t i o n :  KARLSSON a n d  ANDERSSON- 
CEDERGREN 5 s h o w  a m o t o r  j u n c t i o n  of  a f rog  i n t r a f u s M  
m u s c l e  f ib re  w i t h  m a n y  j u n c t i o n a l  fo lds  a n d  s e v e r a l  
p l aces  of  c lose  c o n t a c t  b e t w e e n  t h e  n e r v e  a n d  m u s c l e  
f ib re  m e m b r a n e s .  T h e y  c h a r a c t e r i z e  t h e  s i t u a t i o n  as  
fo l lows :  ' I n  one  of  t h e  m o t o r  j u n c t i o n s  of t h e  l ong  t y p e  a 
p e c u l i a r  m e m b r a n e  r e l a t i o n s h i p  w a s  found ,  e s s e n t i a l l y  
s h o w i n g  e v a g i n a t i o n s  of  t h e  a x o p l a s m  i n t o  d i l a t e d  
j u n c t i o n a l  fo lds  w h i c h  c o n t a c t e d  t h e  m u s c l e  f ib re  w i t h o u t  
i n t e r p o s i t i o n  of  a b a s e m e n t  m e m b r a n e .  T h e  m e a n i n g  of  
t h i s  is o b s c u r e d  b y  t h e  f a c t  t h a t  i t  w a s  o b s e r v e d  in  o n l y  
one  s p e c i m e n  a n d  t h a t  i t  m a y  r e p r e s e n t  a pos s ib l e  a b e r -  
r a t i o n  in n o r m a l  m o r p h o l o g y K  

Fig. 2. Rat, m. rectus bulbi lat., orbital layer. Detail of a motor 
nerve ending ill a multiply innervated muscle fibre with narrowing of 
the synaptie cleft (between arrows). Near the asterisk (*) the cleft is 
somewhat wider and contains a thin layer of basement membrane 
material, as is found in transition zones between normal synaptic 
cleft and narroMngs. (n) Nerve terminals; (m) muscle fibre. 
1000 ~. = 100 [zm. • 60,000. 

Fig. 1. Chicken, m. sphincter pupillae. Detail of a motor end-plate 
with narrowing of the synaptic cleft (between arrows). The basement 
membrane layer (b), seen in the normal part of the synaptic cleft, 
ends on either side of the narrowing. (n) Nerve terminal with many 
synaptic vesicles; (m) striated muscle fibre. • 60,000, 

H. TER~VXINEN, Z. Zellforsch. 96, 206 {1969). 
5 U. I~ARLSSON and E. ANDERSSON-CEDEtZGREN, J. Ultrastruct. Res. 

7d, 191 (1966). 
6 Lately similar situations were shown in motor endings of" 

mammalian intrafusal fibres (M. v. DORI~G and K. H. ANDRES, 
Anat. Ariz. 72d, 566 (1969)). 

]Fig. 3. Schematic drawing demonstrating the layer organization of 
the normal synaptic membrane complex arid the narrowing of the 
synaptic cleft in myoneural junctions. 
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U n t i l  now, n a r r o w i n g s  of t he  s y n a p t i c  cleft  w i t h o u t  
i n t e rpos i t i on  of a b a s e m e n t  m e m b r a n e  m a t e r i a l  were on ly  
seen in m o t o r  end ings  of special  t ypes  of s t r i a t ed  muscle  
f ibres ;  t h e y  h a v e  so far  no t  been  found  in  c o m m o n  
ske le ta l  musc le  fibres.  However ,  f u r t h e r  i n v e s t i g a t i o n  is 
necessa ry  in o rder  to  show w h e t h e r  we are ac tua l l y  
dea l ing  w i t h  a pecu l ia r  s t r u c t u r a l  p r o p e r t y  of special ized 
t ypes  of m o t o r  n e r v e  end ings  a n d  w h e t h e r  these  s t r u c t u r e s  
h a v e  a special  f u n c t i o n a l  mean ing .  

mu l t i pe l  i n n e r v i e r t e r  Muske l fasern  der  ~iusseren Augen-  
m u s k e l n  der  R a t t e  werden  V e r e n g u n g e n  des s y n a p t i s c h e n  
Spal tes  beschr ieben .  Die P l a s m a m e m b r a n e n  de r  t e r -  
m i n a l e n  Ne rven fa se r  u n d  der  Muskel faser  n~ihern sich a n  
diesei1 Ste l len auf  ca. 160 A u n d  die ftir die m o t o r i s c h e  
E n d p l a t t e  t yp i sche  B a s a l m e m b r a n s c h i c h t  Ieh l t  im 
v e r e n g t e n  s y n a p t i s c h e n  Spal t .  

R. MAYR a n d  W.  ZENKER 

Zusammen/assu~g .  I n  m o t o r i s c h e n  E n d p l a t t e n  der  In s l i t u t  liar A~atomie  der Ruhr-U~ziversiliil  Bochum, 
querges t r e i f t en  i nne r en  A u g e n m u s k u l a t u r  des H u h n e s  u n d  A -  1090 lu  (A uslria), 21 J u l y  7969. 

Quant i ta t ive  U n t e r s u c h u n g e n  fiber die P r o t e i n s y n t h e s e a k t i v i t i i t  von  E p i d e r m i s z e l l e n  w g h r e n d  der 
E x t r e m i R i t e n r e g e n e r a t i o n  der U r o d e l e n  ~ 

Ft i r  die 1Regeneration der  Urode l enex t r emi t&t  is t  de r  
d i r ek te  K o n t a k t  v o n  Cor ium- i re i em W u n d e p i t h e l  u n d  
u n t e r l i e g e n d e m  Gewebe  yon  grosser  B e d e u t u n g %  
Das  e insch ich t ige  W u n d e p i t h e l ,  das  e twa  i n n e r h a l b  eines 
Tages  die Wundf l / i che  verschl iess t ,  v e r d i c k t  s ich zu 
e iner  m e h r s c h i c h t i g e n  sol iden E p i d e r m i s k a p p e ,  u n t e r  der  
s ich in A b h ~ n g i g k e i t  v o n  ih re r  Lage  ~ die Zellen des meso-  
d e r m a l e n  B l a s t e m s  s a m m e l n 4 , <  Diese ap ika le  Ep ide rmis -  
k a p p e  s te l l t  eine A n s a m m l u n g  yon  Zellen dar,  die yon  der  
i n t a k t e n  E p i d e r m i s  z u g e w a n d e r t  s ind  6,7. 

U n t e r s u c h u n g e n  fiber die E n z y m a k t i v i t / i t  dieser  Epi -  
dermisze l len  s sowie a u t o r a d i o g r a p h i s c h e  Nachweise  f iber 
den  A m i n o s / i u r e - E i n b a u  in dieser  Reg ion  9 11 e r gaben  
wich t ige  Hinweise  t iber  die re la t ive  E r h 6 h u n g  ihres  Stoff-  
wechsels.  D a  n u n  die Ep ide rmisze l l en  w~ihrend des W u n d -  
verschlusses  u n d  de r  A u s b i l d u n g  der  A p i k a l k a p p e  eine 
Volumen~inderung  e r fahren ,  wurde  u n t e r s u c h t ,  welche 
Zusammenh~inge  zwischen  der  A k t i v i e r u n g  der  P ro t e in -  
syn these  u n d  den  V o l u m e n ~ n d e r u n g e n  dieser  Zel len 
bes tehen .  

Bei  j u v e n i l e n  Tr i turus  vulgaris (12-15 W o c h e n  n a c h  
der  M e t a m o r p h o s e  be i  18 ~ w u r d e n  die r egene r i e r enden  
V o r d e r e x t r e m i t ~ t e n  v o m  2. bis  z u m  22. Tag  n a c h  der  
A m p u t a t i o n  au f  ih re  P r o t e i n s y n t h e s e a k t i v i t / i t  h i n  u n t e r -  
sucht .  A n  m e d i a n e n  L&ngsschni t te i i  der  R e g e n e r a t e  wurde  
a n  H a n d  yon  Si lberkornz~ihlungen in A u t o r a d i o g r a m m e n  
die E i n b a u r a t e  yon  i.p. i n j i z i e r t em a H - P h e n y l a l a n i n  
( I n k u b a t i o n s z e i t :  3 h) e rmi t t e l t .  Die  B e s t i m m u n g  yon  
Zell- u n d  Zel lkerngr6sse  erfolgte  in  dense lben  Pr~Lparaten 
m i t  e inem Mikroplanimeter~% Bei  den  U n t e r s u c h u n g e n  
w u r d e n  dre i  E p i d e r m i s b e r e i c h e  gepr t i f t :  1. Die Bas is  der  
E x t r e m i t i i t  (P) ; 2. der  Bere ich  der  A m p u t a t i o n s e b e n e  (A) 
u n d  3. die R e g e n e r a t s p i t z e  (D), das  he i ss t  das  W u n d e p i -  
the l  bez iehungsweise  die Ap ika lkappe .  I n  j ede r  Region  
eines R e g e n e r a t e s  w u r d e n  60 Zellen gemessei i  u n d  ausge-  
z/ihlt.  Die  U n t e r s u c h u n g e n  besch r / i nk t en  sich auf  die 
B a s a l s c h i c h t  der  E p i d e r m i s  als ein S y s t e m  g le ichar t iger  
Zellen. 

Die  v o m  W u n d r a n d  t iber  das  W u n d g e w e b e  w a n d e r n d e n  
Ep ide rmisze l l en  ve rg r6sse rn  ihr  V o l u m e n  im Vergle ich  zu 
den  Kon t ro l lwer t e i i  i n t a k t e r  E x t r e m i t / i t e n  s igni f ika i i t  
(Figur  a). Die gr6ss ten  Ep ide rmisze l l en  lassen sich im 
u n t e r s u c h t e n  Z e i t r a u m  a n  der  R e g e n e r a t s p i t z e  (D) n a c h -  
weisen,  u n d  u m  den  7. T ag  f inde t  m a n  h ie r  m a x i m a l e  
V o l u m e n z u n a h m e .  Aus den  F l ~ c h e n d a t e n  l~isst s ich be-  
s t i m m e n ,  dass  diese Zellen ihr  V o l u m e n  e twa  v e r d o p p e l t  
h a b e n .  A u c h  im Bere ich  de r  A m p u t a t i o n s s t e l l e  (A) 

zeigen die Zellen eine deu t l i che  Vergr6sserung ,  j edoch  
n i c h t  in  e inem so lchen  Ausmass  wie die d i s t a l en  Zellen. 
An  der  E x t r e m i t ~ t e n b a s i s  (P) f inder  m a n  in den  e r s t en  
sechs Tagen  W e r t e  wie in  de r  unbee i i i f luss ten  Ep ide rmis .  
D a n a c h  k 6 n n e n  auch  in d iesem Bere ich  die A u s w i r k u n g e n  
der  W u n d s e t z u n g  a n  H a n d  v o n  Ze l lve rg r6sse rungen  
nachgewiesen  werden.  N a c h  d e m  10. Tag  v e r m i n d e r n  die 
ve rg r6sse r t en  Ep ide rmisze l l en  wieder  kon t inu i e r l i ch  ih r  
Volumen,  u n d  es is t  ers icht l ich,  dass  sich die U n t e r -  
schiede m i t  z u n e h m e n d e r  Di f fe renz ie rung  des Re-  
genera tes  nivel l ieren.  Die V o l u m e n z u n a h m e  der  Ep ide r -  
miszel len b e r u h t  auf  e iner  Verg r6sse rung  der  Zel lkerne  
u n d  - in  we i t aus  gr6sserem Masse - auf  e iner  Z u n a h m e  
des Zy top la smas .  N a c h  dem DELESSEschen Pr inz ip  ~3 
l~sst  s ich aus  den  A n s c h n i t t e n  angen~iher t  das  V o l u m e n -  
verh i i l tn i s  yon  K e r n  u n d  Z y t o p l a s m a  b e s t i m m e n  (siehe 
F igu r  b). 

I n  der  Basa l s ch i ch t  der  unbee in f l u s s t en  E p i d e r m i s  der  
E x t r e m i t / i t  n i m m t  der  Zellkeri1 e twa  2/3 des g e s a m m t e n  
Ze l lvo lumens  ein, das  V01umenverh~i l tnis  is t  also an-  
n ~ h e r n d  2. Dieses Verh/ i l t i i is  v e r r i n g e r t  s ich n a c h  de r  
A m p u t a t i o n  in  al ien drei  Messbere ichen  kon t inu i e r l i ch  bis  
z u m  10. Tag  u n d  betr&gt  bei  m a x i m a l  ve rg r6s se r t en  
Zellen (D) ann~ihernd 1,0; K e r n  u n d  Z y t o p l a s m a  n e h m e n  
also in diesen Zellen e twa  gleiches V o l u m e n  ein. N a c h  d e m  
10. Tag  n i m m t  - besonde r s  deu t l i ch  a n  der  E x t r e m i t ~ t e n -  
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