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are  t he  m o s t  useful  e x p e r i m e n t a l l y  (IKIDD a n d  KU~ERA 10) 
because  these  usua l ly  supp ly  on ly  1-3 spindles.  T a n d e m  
spindles  do occur  in  these  muscles .  PORAYKO and  SMITH 4 
found  no  t a n d e m  spindles  in  r a t  lumbr ica ls ,  A x o n  d iame-  
te r s  in  supp ly ing  b r a n c h e s  va r i ed  f rom 2-12 ~ in n o r m a l  
a n d  de-e f fe ren ted  p repa ra t ions .  

Sensory innervation. The  c e n t r a l  p lac ing  a n d  fo rm of 
t h e  p r i m a r y  r ecep to r  end ing  do n o t  differ  f rom those  in 
cat .  Seconda ry  r e c e p t o r  end ings  are  found  in a zone 100 tx 
long  on  e i the r  side of t he  p r i m a r y .  As in ca t  those  secon- 
dar ies  n e x t  to  t he  p r i m a r y  m a y  t a k e  t he  fo rm of r ings  
a n d  spirals ,  b u t  m o s t  s imp ly  b r a n c h  to  end  in fine fila- 
men t s .  B r a n c h e s  f rom some seconda ry  end ings  a p p e a r  to  
end  in t h e  region occupied b y  t h e  p r imary .  Only  10% of 
spindles  h a v e  a single p r i m a r y ,  while  10% h a v e  one 
secondary ,  60% two secondar ies  a n d  20% th ree  secon-  
daries.  

Motor innervation. Three  fo rms  of f u s imo to r  end ing  are 
p r e sen t  in  th i s  muscle.  

(1) A p la t e  end ing  conf ined  to  the  po la r  regions is 
s t r u c t u r a l l y  s imi la r  to  ex t ra fusa l  m o t o r  end  plates ,  t h o u g h  
less t h a n  ha l f  t he i r  size. The re  is a nuc l ea t ed  sole p l a t e  
a n d  a d iscre te  s u b n e u r a l  a p p a r a t u s  is r evea led  b y  chol in-  
es terase  s ta in ing .  T he  axons  supp ly ing  these  p la tes  h a v e  
a d i a m e t e r  less t h a n  ha l f  t h a t  of axons  supp ly ing  ex t ra -  
fusal  muscles ,  b u t  occas ional ly  axons  of s imi la r  d i a m e t e r  
m a y  supp ly  ex t r a fusa l  end  pla tes .  A x o n  d i a m e t e r  a t  t he  
level  of t he  sp indle  m a y  b e a r  no re l a t ion  to  t h a t  in  t h e  
n e r v e  t r u n k .  

(2) A n o t h e r  fo rm of p l a t e  e n d i n g  occurs  in  the  j u x t a -  
e q u a t o r i a l  region, a n d  is twice  t he  size of t h e  po la r  p la tes ,  
has  no  nuc lea t ed  sole p l a t e  a n d  is suppl ied  b y  an  a x o n  
twice  t h e  d i a m e t e r  of axons  supp ly ing  po la r  plates .  The  
e n d i n g  t akes  the  fo rm of severa l  sho r t  t a p e r i n g  b r a n c h e s  
a n d  knobs .  

(3) Typ ica l ly  th i s  is a m u l t i t e r m i n a l  ending,  occurr ing  in 
t he  j u x t a e q u a t o r i a l  region.  However ,  t he  end ing  is pleo- 
m o r p h i c  a n d  m a y  range  f rom a single f i l a m e n t  to  m a n y  
r a m i f y i n g  b r a n c h e s  of d i f fe ren t  d iamete r .  The  whole  
j u x t a e q u a t o r i a l  region s ta ins  diffusely for  chol ines te rase  
ac t iv i ty ,  l ike those  f i rs t  f ound  b y  C6ERS n, 12 in r a t  r ec tus  
a b d o m i n i s  spindles.  Some more  i n t e n s e l y  s t a ined  areas  

are  associa ted  w i t h  the  t e r m i n a l s  of t he  2nd and  3rd 
end ings  descr ibed  above .  

Discussion. These  m o t o r  end ings  p r e s u m a b l y  cor respond  
to t he  Pl, P~ a n d  t r a i l  end ings  descr ibed  in ca t  b y  BAR- 
KER la. The  c o n f o r m a t i o n  of end ings  in r a t  spindles  is 
howeve r  less e l abo ra t e  t h a n  those  in cat.  PORAYKO a n d  
SMITH 4 found  on ly  2 fo rms  of f u s imo to r  end ings  in r a t  
lumbr ica ls .  STEG 14 work ing  on  o the r  cauda l  muscles  more  
d i s ta l  t h a n  t he  i n t e r t r a n s v e r s e  found  sp indles  i n n e r v a t e d  
b y  single 7-efferents .  

BARKER 13'1~ s t a t e s  t h a t  Pl  p la tes  are suppl ied  b y  
mixed  (fi) axons.  Mixed  i n n e r v a t i o n  of t he  f i rs t  p l a t e  
end ings  descr ibed  above  ha s  no t  ye t  conv inc ing ly  been  
d e m o n s t r a t e d  in t h i s  muscle.  Th i s  does n o t  p rec lude  t he  
poss ib i l i ty  as t h e  t e c h n i q u e s  used will  no t  d e m o n s t r a t e  
a x o n  b r a n c h i n g  in  t he  ne rve  t runk .  These  p l a t e  end ings  
are howeve r  o f ten  suppl ied  sepa ra t e ly  f rom the  res t  of 
t he  sp indle  b y  n e r v e  b r a n c h e s  wh ich  o therwise  supp ly  
solely s k e l e t o m o t o r  end  pla tes .  

Zusammen/assung. In  den  Muske l sp inde ln  der  Quer-  
m u s k u l a t u r  im R a t t e n s c h w a n z  k a m  eine einzige pr im/ i re  
sensorische E n d u n g  in 10% der  Sp inde ln  vor,  die i ibri-  
gen h a t t e n  1-3 sekundi i re  E n d u n g e n ,  2 p l a t t e  E n d u n g e n  
u n d  1 E n d u n g  u n b e s t i m m t e r e r  Art .  
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On the Poss ible  Existence of Muscarinic  Chol inoreceptors  on the Postsynapt ic  Membrane  of the 
Frog Muscle  

I t  is k n o w n  t h a t  cho l inorecep tors  of t he  p o s t s y n a p t i c  
m e m b r a n e  of ske le ta l  musc le  of v e r t e b r a t e s  h a v e  all  t h e  
pha rmaco log i ca l  cha rac te r i s t i c s  of n ico t in ic  receptors .  
However ,  these  muscles  are  m a r k e d l y  a f fec ted  b y  some 
musca r inomime t i c s ,  and  t h e  effect  of ACh m a y  be  
b locked  b y  muscar ino ly t ics ,  for  exam p l e  b y  a t rop ine  
(AS) 1. T h e  ques t ion  arises w h e t h e r  t he re  are differences  
in  t he  spec i f i ty  of cho l inorecep tors  of t h e  ske le ta l  muscle  
or w h e t h e r  all chol inergic  subs t ances  ac t  on  iden t ica l  
cho l inorecep tors  of t he  p o s t s y n a p t i c  m e m b r a n e .  

The  ab i l i t y  of A S  to sh i f t  t h e  p o i n t  of reversa l  (Er) 
of t he  endp la t e  p o t e n t i a l  t o w a r d s  t h e  N a  equ i l ib r ium 
p o t e n t i a l  2, 3 and  to  change  i ts  shape  1 could be  exp la ined  
if i t  were  possible  to  e s t ab l i sh  t h a t  r ecep tors  w i t h  musca-  
r in ic  p roper t i e s  were p re sen t  a m o n g  t he  recep tors  of t h e  
p o s t s y n a p t i c  m e m b r a n e .  I t  could be  supposed  t h a t  one 

t y p e  of r ecep to r  is connec ted  w i t h  Na  and  t h e  o the r  w i t h  
t he  K p e r m e a b i l i t y  of t he  p o s t s y n a p t i c  m e m b r a n e .  AS  
b lockage  of t he  ' K  chol inorecep tors '  would  t h e n  change  
t he  r e l a t ionsh ip  AgNa/~lgK a n d  cause a sh i f t  in  E r. I t  
could be  a s sumed  t h a t  the  shape  of t h e  n o r m a l  endp la t e  
p o t e n t i a l  resul t s  f rom the  effect  of ACh on b o t h  types  
of receptor .  I n  t h e  presence  of AS, on ly  t he  effect  on t he  
n ico t in ic  r ecep to r s  would r e m a i n  and  t he  shape  of t h e  
endp la t e  p o t e n t i a l  would be  a l tered.  

I n  order  to  con f i rm  th i s  a s sumpt ion ,  the  dose-response 
curves  for  b u t y r y l c h o l i n e  (BCh), a n i co t i nomime t i c  drug,  
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a n d  m e t h y l f u r m e t i d e  (MF), a m u s c a r i n o m i m e t i c  drug,  
were  compared .  T h e  drugs  were app l i ed  i o n t o p h o r e t i c a l l y  
f rom doub le -ba r re l  mic rop ipe t t e s  a t  t he  endp la t e  region 
of t he  m. sar tor ius .  T he  cho l inorecep t ive  region of t he  
e n d p l a t e  is m u c h  more  sens i t ive  to  BC h  t h a n  to  MF,  
which  accords  well w i t h  ear l ier  f ind ings  4. However ,  t he  
course  of t he  dose-response  curves  runs  in paral lel .  The  
a d m i n i s t r a t i o n  of t u b o c u r a r i n e  (6 • 10 -~ M) in to  t h e  mus-  
cle b a t h  decreased  t he  sens i t i v i ty  of t he  endp la t e  to  b o t h  
BCh  a n d  M F  a p p r o x i m a t e l y  four  t imes.  T he  s ame  resu l t s  
were o b t a i n e d  w i t h  AS (6 • 10-~M) (Figure 1). T h e  dose- 
response  curves  of BCh and  M F  were sh i f t ed  in paral lel .  
These  resul t s  p rov ide  ev idence  aga ins t  t he  hypo thes i s  
t h a t  the re  are  r ecep to r s  on  t he  endp la t e  wh ich  h a v e  
musca r in i c  proper t ies ,  because  in th i s  case t he  an tago-  
n i sm of t u b o c u r a r i n e  would  h a v e  to  be  select ive t owards  
BCh, and  t h a t  of AS t ow ar ds  MF. I t  is a p p a r e n t  t h a t  
these  chol inergic  subs t ances  ac t  on  a n  ident ica l  t y p e  of 
cho l inorecep tor  of t he  frog muscle  as in the  case of inver-  
t e b r a t e s  4, 5. 

A s t u d y  of t h e  effect  of AS on t he  shape  of t h e  BCh  
p o t e n t i a l s  was  m a d e  in the  course of t he  exper imen t s .  
Wherea s  t he  M F  p o t e n t i a l  on ly  decreases  in  ampl i t ude ,  
AS  no t  on ly  causes  t he  same  decrease  in  a m p l i t u d e  of 
the  BCh po ten t i a l ,  b u t  also m a r k e d l y  pro longs  i t  (Figure 2 ; 
see t he  ver t ica l  l ines d r a w n  t h r o u g h  t he  peak  and  ha l f  
peak  ho r i zon ta l  lines). In  order  to  ana lyse  th i s  fact,  a 
s t u d y  was m a d e  of the  effect  of AS on ACh, p rop ionyl -  
chol ine  (PCh) and  BC h  poten t ia l s .  I t  was found  t h a t  the  
p ro longed  d u r a t i o n  appea r s  on ly  in t he  case of t he  BCh 
po ten t i a l .  This  effect  is no t  changed  b y  the  add i t i on  of 
2 • 10 -6 g /ml  neos t i gmine  su lpha te  in to  the  m e d i u m  and  
has  no re la t ion  to the  E r of ACh and  BCh poten t ia l s .  E~ 

va lues  were iden t ica l  (-- 14.2 + 1.8 m V  in 7 expe r imen t s  
w i th  doub le -ba r re l  mic rop ipe t t e )  and  AS d id  no t  af fec t  
the  E r of b o t h  subs t ances  (-- 15.0 -r 2 m V  in 7 e x p e r i m e n t s  ; 
for m e t h o d  see 3). As our  resu l t s  show t h a t  t he  c h a r a c t e r  
of t h e  p o s t s y n a p t i c  ac t ion  of 13Ch is ana logous  to  ACh, 
we m a y  conc lude  t h a t  t he  d i f ference  in t he  shape  of the  
p o t e n t i a l s  and  t he  effect  of AS o n  t he  shape  of t he  BCh 
p o t e n t i a l  c an  be  exp l a ined  b y  dif ferences  in  t h e  cond i t ions  
of t he  molecule  f i xa t ion  of these  subs t ances  on  t he  post -  
synap t i c  m e m b r a n e  and  in  t h e i r  d i f fus ion in t h e  synap t i c  
region. 

Thus  i t  would be  possible  to  u n d e r s t a n d  t he  differences 
in  the  b e h a v i o u r  of ana logues  which  h a v e  so s imi la r  a 
chemica l  s t r u c t u r e  - chol ine  es ters  of ace t ic  (ACh), pro-  
p ionic  (PCh), and  b u t y r i c  (BCh) acids. P e r h a p s  AS 
h inder s  t he  di f fus ion a n d  access to  recep tors  of molecules  
w i t h  a longer  h y d r o p h o b i c  cha in  (BCh) a n d  th i s  slows 
down the  i n i t i a t i o n  and  decreases  t he  BCh-po ten t i a l s .  
However ,  d i rec t  e x p e r i m e n t a l  ev idence  is necessa ry  to 
s u p p o r t  th i s  a s s u m p t i o n  s . 
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Fig. 1. Dose-response curves of iontophoretically applied butyryl- 
choline (BCh) and methylfurmetide (MF) before the application of 
6 • 10-5M atropine (upper part) and 6 • 10-~M tubocurarine in the 
bath (lower part O~Q); shift of curves after 15 20 nfin exposition 
to drugs (�9 recovery after 40 inin (tD--tD)- Potential changes 
were registrated by intracellular glass mieroelectrodes filled with 
2.5M KC1. The ordinate shows the charge transferred by nficro- 
pipette (cotllombs - C). 
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Fig. 2. The effect of atropine sulphate (AS 3 • 10 aM) on the ampli- 
tude and shape of aeetylcholine (ACh), butyrylcholine (BCh) and pro- 
pionyleholine (PCh) potentials evoked by the iontophoretic applica- 
tion of these compounds on the endplate zone. C, control; R, recovery 
(40 rain). Double-barrel electrodes were used. Temperature 20~ 
(Retouched.) 

Zusammen/assung. An den  p o s t s y n a p t i s c h e n  Muskel-  
z e l l m e m b r a n e n  werden  Befunde  e rhoben ,  welche d a r a u f  
h inweisen ,  dass  q u a l i t a t i v  ke ine  Di f fe renz ie rung  zwischen 
m u s k a r i n -  und  n i k o t i n a r t i g e n  R e z e p t o r e n  m6gl ich  ist. 
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