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lier inves t iga t ions  h a v e  g iven  c o n t r a d i c t o r y  resu l t s  b o t h  
w i th  r ega rd  to the  presence  of muscle  sp indles  a n d  t he  
rou te  b y  which  a p rop r iocep t ive  i nne r va t i on"  f rom the  
tongue  shou ld  r each  the  cen t r a l  n e r v o u s  sys tem.  Some 
a u t h o r s  ~-3 d e n y  the  ex i s tence  of muscle  spindles  in  t he  
t o n g u e  muscles  of t he  species t h e y  examined .  COOPER 4 on  
the  o t h e r  h a n d  has  found  sp indles  in m a n  a n d  m onkey ,  
b u t  no t  in k i t t e n  or l amb.  LAW 5 ha s  p re sen ted  a new 
type  of sensory  e n d i n g  which  she bel ieves  to  be propr io-  
cep t ive  in na tu re .  W i t h  r ega rd  to the  rou t e  for t he  a f fe ren t  
f ibres to  the  cen t r a l  ne rvous  s y s t e m  the  hypoglossa l  2 a n d  
the  l ingual  ", as well as t he  u p p e r  cerv ica l  ne rves  x, h a v e  
been  suggested.  

Our  morpholog ica l  f indings  in t he  ca t  d e n y  t he  presence  
of muscle  spindles  in the  in t r ins i c  t o n g u e  musc les  a n d  th i s  
obse rva t ion ,  in c o m b i n a t i o n  w i t h  our  e lec t rophys io logica l  
expe r imen t s ,  rules  o u t  t he  hypoglossa l  ne rve  as t he  affer-  
en t  p a t h w a y  f rom a t  leas t  t he  in t r ins ic  t o n g u e  muscles .  
On the  o t h e r  h a n d  a ref lex be t w een  the  l ingual  a n d  t he  
hypoglossa l  n e r v e s  ha s  been  f o u n d  which ,  for t he  in t r in s i c  
m u s c u l a t u r e  of t he  tongue ,  m a y  to some e x t e n t  s u b s t i t u t e  
the  p rop r iocep t ive  ref lex m e c h a n i s m  found  in all  o t h e r  
s t r i a t ed  muscu l a tu r e .  

A d u l t  ca t s  were used, e i t he r  d e c e r e b r a t e d  u n d e r  e t h e r  
or  ane s the t i z ed  w i t h  chlora lose  (60 m g / k g  b o d y  w e i g h t  
in t r ape r i tonea l ly )  a n d  some a n i m a l s  cu ra r i zed  only.  T he  
l ingual  a n d  hypoglossa l  n e r v e s  were  d i ssec ted  free a n d  cu t  
nea r  t he i r  e n t r a n c e  to t he  tongue .  I n  th i s  p r e p a r a t i o n  the  
physiological  s tud ies  were made.  In  some ca t s  t he  t o n g u e  
a n d  the  nerves  m e n t i o n e d  were r e m o v e d  a n d  p r e p a r e d  for 
morpholog ica l  s tudies .  

As s t a t e d  above ,  i t  h a s  n o t  been  possible  b y  ou r  mor -  
phological  m e t h o d s  to show a n y  muscle  sp ind les  in  t he  
in t r ins ic  t o n g u e  muscu l a t u r e .  Th i s  is in  acco rdance  w i t h  
the  ca l ibre  s p e c t r u m  of the  hypoglossa l  n e r v e  which  does 
no t  c o n t a i n  as m a n y  big f ibres as in t he  muscle  ne rves  of 
the  ex t remi t ies .  Thus  these  few big f ibres  c a n n o t  a c c o u n t  
for a n  i n n e r v a t i o n  of t im r a t h e r  large in t r ins ic  muscu la -  
tu re  w i th  o r d i n a r y  muscle  spindles.  W h e n  s t i m u l a t i n g  a n d  
record ing  f rom the  whole  hypoglossa l  ne rve  no  mono-  
s y n a p t i c  ref lex is found  w i t h  t he  m e t h o d  used. These  f ind-  
ings ind ica te  t h a t  the  a f f e r en t  p a t h w a y  f rom t he  t o n g u e  
receptors  in t he  in t r ins ic  mus cu l a t u r e ,  w h a t e v e r  t ype  t h e y  
be long  to,  m u s t  be  s o u g h t  in some o t h e r  ne rve  t h a n  the  
hypoglossal .  The  t a s t e  f ibres  a n d  t he  genera l  a f fe ren t  fi- 
bres  f rom the  a n t e r i o r  two t h i r d s  of the  t ongue  are  k n o w n  
to  pass  in t he  l ingual  nerve .  Th i s  ne rve  is also the  a f f e r en t  
p a t h w a y  for t he  l i n g u o - m a n d i b u l a r  reflex, f i rs t  descr ibed  
b y  SHERRINGTON ? aS t he  j aw  open i ng  reflex a n d  la te r  b y  
CARDOT and  LAUGIER a. Th i s  ref lex is cons idered  to be  
nocicept ive .  On s t i m u l a t i n g  t he  l ingual  a n d  record ing  
f rom the  hypoglossa l  ne rve  a reflex is found  here  cal led 
the  l inguo-hypoglossal .  

The  s h o r t e s t  l a t ency  of th i s  reflex is 7 ms. I t  is crossed,  
i.e. t he  s t i m u l a t i o n  of the  c o n t r a l a t e r a l  l ingual  ne rve  gives 
the  reflex w i th  p rac t i ca l ly  no  f u r t h e r  l a tency .  W h e n  re- 
co rd ing  is m a d e  f rom the  whole  hypoglossa l  ne rve  the  re- 
flex has  two co inponen ts ,  t he  f irst  of which  has  a lower  
t h r e sho ld  a n d  a b igger  a m p l i t u d e  t h a n  t he  second.  T h e  
f ibres in t he  a f fe ren t  pa th ,  g iv ing the  reflex, are a m o n g  
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t he  f a s t e s t  in t h e  l ingua l  ne rve .  To  a v o i d  poss ible  a r t e -  
fac ts  due  to s i m u l t a n e o u s  musc le  t w i t c h ,  t h e  ref lex  ha s  
also been  r eco rded  f rom a s ingle  f ib re  p r e p a r a t i o n  of t h e  
hypog lossa l  n e r v e  in cu ra r i zed  a n i m a l s  (see F igure) .  

lO mse¢ 
Curarized cat. Linguo-hypoglossalreflex, recorded in isolated fila- 
ment of the hypoglossal nerve oa stinmlation of the ipsilateral 

lingual nerve. 

Th i s  l inguo-hypoglossa l  reflex,  in  c o m b i n a t i o n  w i t h  t h e  
morpho log ica l  f indings,  ind ica tes  t h a t  t he  ' p r o p r i o c e p -  
t i ve '  i n n e r v a t i o n  of t he  in t r in s i c  t o n g u e  m u s c u l a t u r e  is 
no t  a r r a n g e d  in t he  s ame  m a n n e r  as in  o r d i n a r y  s t r i a t e d  
m u s c u l a t u r e .  A s t u d y  of th i s  ref lex p a t h w a y  is go ing  on  
a n d  a ful ler  r e p o r t  on  i ts  p rope r t i e s  a n d  r61ation to t h e  
ex t r ins ic  t o n g u e  musc les  a n d  t h e i r  o r g a n i z a t i o n  as wel l  
as t he  morpho log ica l  f ind ings  will be r e p o r t e d  e lsewhere .  
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Zusammen/assung 

Es  wird  gezeigt ,  dass  de r  N e r v u s  hypog lossus  die affe-  
r e n t e n  p r o p r i o z e p t i v e n  I m p u l s e  de r  i n n e r e n  Z u n g e n -  
m u s k u l a t u r  de r  Ka tze  n i c h t  l e i t en  k a n n .  E i n  b i s h e r  
n i c h t  be sch r i ebene r  Ref lex  zwischen  N. l ingual is  u n d  N. 
hypoglossus  wird  e rw/ ihn t  und  seine e v e n t u e l l e  B e d e u t u n g  
fiir die P rop r iozep t i on  de r  Zunge  wird  b e s p r o c h e n .  

Light  Sens i t ive  Nerve  in an Ech ino id  

Clear  i n s t ances  of d i r ec t  e x c i t a t i o n  of u n t r e a t e d  n e r v e  
b y  vis ible  l igh t  are  ra re  1-a. In  Diadema antillarum Phi l ipp i ,  
ev idence  ha s  been  p re sen t ed ,  to  show t h a t  t h e  r a d i a l  
ne rves  are  sens i t ive  to  decreases  in l igh t  i n t e n s i t y  4. 

The  ev idence  was n o t  conclus ive ,  because  t h e  n e r v e  
cord  was s t i m u l a t e d  in situ b y  a r e l a t i ve ly  large  l igh t  s p o t  
(some 1.5 m m  in d i ame te r )  a n d  there fore ,  de sp i t e  t he  pre-  
c a u t i o n s  t aken ,  t h e r e  r e m a i n e d  a poss ib i l i ty  ( t h o u g h  a 
s l igh t  one) of l igh t  sp read ing ,  to  a f fec t  o t h e r  s t r u c t u r e s  in 
t h e  p r e p a r a t i o n s .  

W e  h a v e  now o v e r c o m e  th i s  b y  a d i f f e ren t  t e c h n i q u e  
(Fig. 1). Pieces  of t e s t  (T), bea r i ng  sp incs  a n d  r a d i a l  n e r v e  
were p r e p a r e d  so t h a t  a s h o r t  l e n g t h  of t he  ora l  r eg ion  of 
the  nc rvc  (N) l i f tcd f rom the  tes t ,  cou ld  be  f ixed on  to  a 
p l a t f o r m  of co rk  p a i n t e d  m a t  b lack ,  w h i c h  f o r m e d  p a r t  
of the  c l a m p i n g  device  (C). Th i s  p o r t i o n  of a p r e p a r a t i o n  
is s h o w n  in F igure  2. 

Minu te  l igh t  spo ts  (S) p r o j e c t e d  on  to  t h e  r a d i a l  ne rve ,  
were o b t a i n e d  b y  pass ing  a b e a m  f rom a t u n g s t e n  f i l a m e n t  
l amp  t h r o u g h  t he  o b j e c t i v e  lens  (O) ca r r i ed  o n  a mic ro -  
scope bar re l ,  to  the  o t h e r  e n d  of w h i c h  was f ixed a p h o t o -  
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m i c r o g r a p h i c  p l a t e  c a m e r a .  B y  rep lac ing  t he  c a m e r a  b a c k  
wi th  an  o p a q u e  sh ee t  b e a r i n g  a p e r t u r e s  of  d i f f e ren t  sizes, 
l igh t  s p o t s  v a r y i n g  in d i a m e t e r  f r o m  10-100 I~ could  be  
focussed  s h a r p l y  on to t he  radia l  nerve .  T h e s e  could  be 
pos i t ioned  a c c u r a t e l y  b y  o b s e r v i n g  t he  i l l u m i n a t e d  region 
of t he  ne rve  w i th  a lens s y s t e m  (M). T h e  e x p e r i m e n t s  
were p e r f o r m e d  in a d a r k  r o o m  a n d  no s ign i f i can t  l igh t  
sp r ead  could  be d e t ec t ed  f rom s u c h  sma l l  spots .  

IAgL. 

Fig. 1. Type of preparation used. A atnpullae; C clainp; L light 
beam passing below preparation and casting shadow of spines shown 
in Fig. 3; M microscope for viewing light spot; N radial nerve; 
O objective lens of coInpound microscope; S position of light spot; 

T piece of test; WL water level. 

T h e  ne rv e  was  i l l u m i n a t e d  for 5 -10  m i n  a n d  t h e n  
s t i m u l a t e d  b y  i n t e r r u p t i n g  t he  l igh t  b e a m  w i t h  a c a m e r a  
s h u t t e r .  T h e  r e su l t i n g  r e sponse  of t h e  spines ,  m o v i n g  in 
a n o t h e r  l igh t  b e a m  (L) was  recorded  p h o t o g r a p h i c a l l y .  

P r e p a r a t i o n s  were i m m e r s e d  in a e r a t e d  sea  wa t e r  wh ich  
covered  t h e  ob jec t ive  (O) so as to avo id  s t r a y  l igh t  f rom 

su r f ace  ref iex ion;  t h e  e x p e r i m e n t a l  t a n k  a n d  pho tog ra -  
ph ic  p roc e du re  were as  p r e v i o u s l y  desc r ibed  ~. 

R e s p o n s e s  s u c h  as  those  s h o w n  in F igu re  3A were given 
a f t e r  i l l umina t i on  of e i t he r  t he  c e n t r e  or  the  m a r g i n s  of 
the  rad ia l  nerve ,  b u t  if t he  l igh t  spo t  was  focussed  on a 
po in t  j u s t  ou t s ide  t he  m a r g i n  (in t he  region of the  am-  
pullae) ,  no r e sponse  was  o b t a i n e d  (Fig. 3B). 

N o t  all p r e p a r a t i o n s  r e s p o n d e d  a n d  the i r  s ens i t i v i t y  
va r ied  cons ide rab ly ,  w h ic h  is scarce ly  s u r p r i s i n g  in view 
of t h e  d ra s t i c  p r o c e d u r e  n e c e s s a r y  to  o b t a i n  s u c h  pre- 
p a r a t i o n s ;  b u t  c lear  r e sponse s  cou ld  be o b t a i n e d  even  
a f t e r  5 m i n  i l l u m i n a t i o n  w i th  t he  s m a l l e s t  l igh t  spot .  

Since t h e  r e sponse  folowed r a p i d l y  a f t e r  s t i m u l a t i o n  
a nd  a p p e a r e d  in wide ly  s e p a r a t e d  spines ,  n e r v o u s  exci- 
t a t i o n  is c lear ly  invo lved .  No recep to rs  o t h e r  t h a n  nerve  
e l e m e n t s  can  be e n v i s a g e d  in t he  a rea  s t i m u l a t e d ,  so t h a t  
t he  conc lus ion  is obvious .  

W e  do n o t  r ega rd  c h a n g e s  in t e m p e r a t u r e  occur r ing  in 
the  rad ia l  ne rve  w h e n  t he  l igh t  spo t  is ob l i t e r a t ed  as 
s ign i f ican t .  E x p e r i m e n t s  in w h i c h  t he  rad ia l  ne rve  was  
rep laced  b y  a t h e r m o - c o u p l e  s h o w e d  t h a t  the  c h a n g e  in 
t e m p e r a t u r e  w h ic h  occur red  d u r i n g  t he  15 s fol lowing in- 
t e r r u p t i o n  of the  l igh t  b e a m  was  less t h a n  0.03°C. 
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Rdsurnd 
Grgtce 5. une  m 6 t h o d e  pe r fec t ionn6e  de s t imu la t i on ,  

nous  a v o n s  pu  d 6 m o n t r e r  l ' ex i s t ence ,  p r~vue  pa r  des in- 
d i ca t ions  an t6r ieures ,  du ner f  p h o t o s e n s i b l e  chez  l 'ours in  
Diadema. 

N o u s  a v o n s  enreg is t r~  des m o u v e m e n t s  p i q u a n t s  d ' apr~s  
des  o b s e r v a t i o n s  au  cour s  desque l les  le ne r f  radial ,  par-  
t i e l l e me n t  isol6, 6 ta i t  s t i m u l 6  pa r  des  d i m i n u t i o n s  de Fin- 
t ens i t6  l umine use ,  qu i  a f f e c t a i e n t  des  pa r t i e s  de 10-100 {z 
de diam&tre.  
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Fig. 

Fig. 2.--Photograph showing the position of the radial nerve and 
associated structures that were freed from the test, in position 
for stimulation on the blackened platform. The radial nerve appears 
white. The dark areas overlying it are due to pigment. The grey 
areas on either side are the ampullae. The scale represents f1-5 mm. 

Fig. 3.--Photograph of the shadows cast by the spines. 
A shows the effect of interrupting a light beam focussed on to the 

Fig. 3 

radial nerve for 10 rain in the position marked by the black circle 
in Fig. 2. - /3 is a control experiment in which the light spot was 
focussed to a position just outside the edge of the radial nerve as 

shown by the white circle in Fig. 2. 

Tinie scale in s. The interruption of the beam is marked by the 
disappearance of the black band below the tracing. 


