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evoked  on ly  b y  a s t imu lus  of a d i f f e ren t  moda t i ty .  The  
r e l a t i onsh ip  was  c o m m o n I y  rec iproca l :  if a cell r e sponded  
to  13 a l t e r  a t t e n u a t i o n  of A, i t  would  r e s pond  to  A a f t e r  
a t t e n u a t i o n  of B. 

Resu l t s  c a n  be  d iscussed  f rom two  v iew points .  F r o m  
t h a t  of t h e  genera l  suscep t ib i l i t y  of r e t i cu la r  un i t s  to  
sensory  s t imul i ,  these  e x p e r i m e n t s  sugges ted  t h a t  c e r t a i n  
concep t s  shou ld  be b r o a d e n e d .  F i r s t ly ,  t he  no t ion  of ret i -  
cu la r  r e spons iveness  should  inc lude  suscep t ib i l i ty  to  sen- 
sory  s t imu l i  w h i c h  are n a t u r a l  a n d  complex ,  as opposed to 
t he  more  c u r r e n t l y  used shocks,  f lashes,  etc.,  wh ich  are 
less so. Secondly  (and  as po i n t ed  ou t  b y  AMASSIAN and  
DE VITOX), t he  n o t i o n  o:f exc lus ive ly  widespread  recep- 
t ive  fields shou ld  be  s u b s t i t u t e d  b y  t he  recogn i t ion  of 
m a n y  var ie t ies ,  i nc lud ing  some t h a t  are  qu i te  res t r i c ted  
(e.g. t o  t h e  d ig i t s  of one  paw).  Th i rd ly ,  the  no t ion  of con- 
ve rgence  of d i f f e ren t  moda l i t i e s  u p o n  single neu rons  
s h o u l d  t a k e  i n t o  a c c o u n t  ceils w h i c h  r e spond  to  severa l  
w e a k  a n d  complex  n a t u r a l  s t i m u l i  (e.g. l igh t  b rush ing ,  
i l l u m i n a t i o n  a n d  voice) ;  in  c e r t a i n  cases t he  l a t t e r  were 
ef fec t ive  o n l y  w i t h i n  l imi t ed  recep t ive  fields, as in t he  
case of a u n i t  s ens i t ive  to  t a p p i n g  on ly  on  t h e  left  foreleg 
a n d  p a r t  of t he  t h o r a x  a n d  to  h a n d  pass ing  on ly  in the  
left  v i sua l  field. The  c o m p l e x i t y  a n d  va r i e t y  of these  sen- 
sory  response  p a t t e r n s  a t  ce l lu lar  level res is t  t heor i z ing  
as to  the  func t i on  of these  un i t s  as a coo r d i na t ed  whole. 

F r o m  t h e  p o i n t  of view- of r epe t i t i ve  s t imu la t i on ,  low 
fol lowing f requencies  a n d  a t t e n u a t i o n  were ou t s t and ing .  
Th i s  b e h a v i o r  re f lec ted  a t y p e  of respons iveness  d i f fe rent  
f rom t h a t  of p r i m a r y  sensory  sys t ems  where  h igh  follow- 
ing r a t e s  a n d  e q u i l i b r a t i o n  are  t he  rule (for work  on  un-  
a n e s t h e t i z e d  p r e p a r a t i o n s  see _0-4). These  fea tu res  of ret i-  
cu la r  a c t i v i t y  m a y  be  s h a r e d  b y  un i t s  in  o t h e r  a reas :  e.g. 
r e c e n t  e x p e r i m e n t s  h a v e  i nd i ca t ed  t h a t  low ra te s  a n d  
a t t e n u a t i o n  are  found  in c e r t a i n  cells of t he  s om a t i c  sen- 
sory  co r t ex  s 

W i t h  r ega rd  to a t t e n u a t i o n ,  one  is s t r u c k  b y  the  s imi-  
lar i t ies  (effect iveness  of a s t i m u l u s  w h e n  novel ,  decay  on  
repe t i t ion ,  specif ic i ty ,  etc.)  b e t w e e n  i t  a n d  h a b i t u a t i o n ;  
t h e  a c t u a l  r e l a t ionsh ip ,  howeve r ,  c a n n o t  be  s t a t e d  more  
precisely w i t h o u t  I u r t h e r  e x p e r i m e n t a t i o n  ~. 

Rdsumd. L ' a c t i v i t 6  des  n e u r o n e s  de  la f l ) rmat ion  r6 t icu-  
laire m6senc6pha l ique  du  c h a t  es t  modif i6c  p a r  t ' e f fe t  de  
s t imul i  phys io logiques ,  q u e l q u e  fois t r~s complexes :  Ia 
convergence  h6t6ro-sensor ie l le  es t  t r6s  6v iden t e  e t  les 
c h a m p s  r6cep teurs  on t  d i f f6rentes  6 t endues  e t  d i s t r ibu -  
t ions.  Soumises  h de h a u t e s  f r6quences  de s t i m u l a t i o n ,  les 
cellules p r 6 s e n t e n t  une  r6ac t iv i t6  l imit6e.  Au fur  et  
mesure  que la s t i m u l a t i o n  es t  r6p6t6e, les r @ o n s e s  di- 
m i n u e n t  et, f ina lement ,  d i s p a r a i s s e n t  ; ce t t e  d i m i n u t i o n  de  
r6act iv i t6  est  s o u v e n t  sp6cif ique de la s t i m u l a t i o n  utilis6e. 
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Nuclear  and Radicular  Dis tr ibut ion  of Cardio-  
Inhibi tory  N e u r o n s  

C a r d i o - i n h i b i t o r y  f ibres  trove been  t r aced  in to  t he  car-  
diac  b r a n c h e s  of t he  v a g u s  n e r v e  f rom b o t h  the  vaga l  and  
t he  bu lba r - acce s so ry  roots  la .  Since t h e  v a g a l  a n d  t he  
bu lba r - acce s so ry  c o m p o n e n t s  show s imi la r  func t iona l ,  re- 
flex p rope r t i e s  3, a n d  para l le l  p a t t e r n s  of pe r iphe ra l  dis- 
t r i b u t i o n  to  t he  noda l  s t r u c t u r e s  of t he  h e a r t  0% a sys temic  
o r g a n i z a t i o n  of t h e  two  se ts  of n e u r o n s  wi th in  the  dorsal  
m o t o r  nuc l eus  a n d  t he  r ad i cu l a r  o u t p u t  is p r e s u m p t i v e .  
The  r a d i c u l a r  d i s t r i b u t i o n  of t he  c a r d i o - i n h i b i t o r y  effects 
ha s  the re fo re  been  inves t iga t ed ,  in c o m p a r i s o n  w i t h  t h a t  
of v i s c e r o - m o t o r  effects,  wh ich  r e p r e s e n t  the  mos t  ex ten-  
sive o u t p u t  of t he  dorsa l  m o t o r  nuc leus  t h r o u g h  the  vaga l  
roo t ;  a n d  t he  two p o p u l a t i o n s  of e a r d i o - i n h i b i t o r y  neurons  
h a v e  been  local ized acco rd ing  to t he  d i s t r i bu t i on  of the  
r e t rog rade  changes  fol lowing chron ic  sec t ion  of e i the r  
vaga l  or  bu lba r - acce s s o r y  c a r d i o - i n h i b i t o r y  root le ts .  

T h e  e x p e r i m e n t s  were ca r r ied  ou t  on  21 a d u l t  dogs (7-  
10 kg). I n  9 an imals ,  a n a e s t h e t i z e d  w i t h  chlora lose  (80 
mg/kg) ,  t h e  t r a c h e a  was c a n n u l a t e d  a n d  the  vago-acces-  
sory  roo t s  were  exposed  b i l a t e r a l l y  b y  o p e n i n g  largely t he  
pos te r io r  fossa : on  one  s ide t h e  roo t l e t s  were sec t ioned  a n d  
s t i m u l a t e d  (pe r iphera l  s t u m p )  w i t h  small ,  b ipolar ,  s i lver  
e lectrodes,  in  g roups  or  one  b y  one ;  on  t he  o t h e r  side, to  
rule o u t  poss ible  c u r r e n t  d i f fus ion  effects,  t h e  dorsa l  m o t o r  

nuc leus  was s t i m u h l t e d  w i th  s t e r eo t ax i ca l l y  p laced,  con-  
cen t r ic  electrodes,  and  the  vago-accesso ry  roo t l e t s  were  
i n t e r r u p t e d  in sequence.  

Femora l  b lood pressure  and  the  ave r age  changes  in the  
i n t r a l u m i n a l  pressure  of the  d iges t ive  t r a c t  (upper  a n d  
lower oesophagus ,  s t o m a c h  a n d  d u o d e n u m )  were r o u t i n e l y  
recorded b y  means  of two  S a m b o r n  pressure  t r a n s d u c e r s  
connec ted  to a femora l  c a t h e t e r  or  to  an  air-f i l led r u b b e r  
bal loon,  respect ive ly ,  a n d  coupled  w i t h  a S a m b o r n  Twin -  
Viso recorder  t h r o u g h  ca r r i e r  p re-ampl i f ie rs .  

In  12 a n i m a l s  t he  i n t r a c r a n i a l  sec t ion  of d i f f e ren t  g roups  
of roo t le t s  was  ca r r ied  on t ,  un i l a t e ra l ly ,  u n d e r  p e n t o t h a l  
anaes thes i a  a n d  w i t h  full a sep t ic  p r ecau t ions ,  a n d  t he  
c a r d i o - i n h i b i t o r y  and  v i sce ro -moto r  effects,  o b t a i n e d  3 
weeks l a t e r  by  the  e lec t r ica l  s t i m u l a t i o n  of t he  n o r m a l  or  
pa r t i a l ly  d e g e n e r a t e d  v a g a l  t r u n k  (pe r iphe ra l  s t u m p ) ,  
were c o m p a r a t i v e l y  ana ly sed  a n d  r e l a t ed  to the  d i s t r i bu -  
t ion  o[ t he  r e t r o g r a d e  changes  fol lowing t he  ch ron ic  rad i -  
co tomy,  occur r ing  w i t h i n  the  dorsa l  m o t o r  nuc leus  (serial,  
Niss l -s ta ined,  cross sec t ions  of t he  medul la ) .  

The  fi , l lowing resu l t s  were o b t a i n e d :  (i) l n t r a c r a n i a l  
s t i m u l a t i o n  of t h e  b u l b a r - a c c e s s o r y  roo t  was f o u n d  to  
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b r ing  a b o u t  m a r k e d  c a r d i o - i n h i b i t o r y  effects  w i t h o u t  col- 
l a t e ra l  changes  in t he  i n t r a l u m i n a l  p ressure  of t h e  diges-  
t ive  t rac t .  U p o n  se lec t ive  s t i m u l a t i o n  of t he  b u l b a r -  
accessory  root le ts ,  t h e  c a r d i o - i n h i b i t o r y  effects  a p p e a r e d  
to  be of ten  conf ined  to t he  t h r ee  c r a n i a l m o s t  root le ts .  On  
t he  o the r  h a n d ,  acu t e  or  ch ron ic  u n i l a t e r a l  sec t ion  of t he  
bu lba r - acces so ry  roo t  was  found  to r educe  t he  b r a d y -  
ca rd iac  response  to  t h e  e lec t r ica l  s t i m u l a t i o n  of t he  ipsi-  
l a t e ra l  dorsa l  m o t o r  nucleus ,  or vaga l  t r u n k ,  respec t ive ly ,  
w i t h o u t  a f fec t ing  in b o t h  cases t he  v i s c e r o - m o t o r  response .  

(ii) S t r o n g  c a r d i o - i n h i b i t o r y  a n d  v i s ce ro -mo to r  effects  
were c o n s t a n t l y  evoked  b y  e lec t r ica l  s t i m u l a t i o n  of e i t h e r  
t h e  dorsa l  m o t o r  nuc leus  or  t h e  vaga l  root .  W i t h  se lec t ive  
s t i m u l a t i o n  of t h e  d i f f e ren t  vaga l  root le ts ,  t h e  cardio-  
i n h i b i t o r y  effects  were o b t a i n e d  on ly  f rom t he  m o s t  c a u d a l  
g roup  of roo t l e t s  ( caudo-vaga l  root le ts )  a n d  were  r a r e l y  
a c c o m p a n i e d  b y  v i s ce ro -mo to r  effects,  l im i t ed  to  t h e  up-  
pe r  p o r t i o n  of t h e  oesophagus .  T h e  un i l a t e r a l  sec t ion  of 
these  c a u d o - v a g a l  roo t le t s  was  f o u n d  to  r educe  t h e  b r a d y -  
ca rd iac  r e sponse  to  t h e  e lec t r ica l  s t i m u l a t i o n  of t h e  ipsi-  
l a t e r a l  dorsa l  m o t o r  nucleus ,  or  to  abo l i sh  i t  w h e n  per-  
fo rmed  in  a d d i t i o n  to a bu l ba r - acce s s o r y  r a d i c o t o m y .  
Moreover ,  e lec t r ica l  s t i m u l a t i o n  of t h e  ips i l a te ra l  v a g a l  
t r u n k  in  a n i m a l s  w i t h  chron ic  sec t ion  of t h e  b u l b a r -  
accessory  a n d  c a u d o - v a g a l  roo t le t s  evoked  m o t o r  re- 
sponses  of t h e  d iges t ive  t r a c t  n o t  s ign i f i can t ly  d i f f e ren t  
f rom those  e l ic i ted f rom t he  c o n t r a l a t e r a l  v a g a l  t r u n k ,  b u t  
n o t  n e g a t i v e  c h r o n o t r o p i c  effects,  even  w i t h  s u p r a m a x i -  
rea l  s t i m u l u s  in tens i t ies .  

(iii) I n t r a c r a n i a l  s t i m u l a t i o n  of t he  v a g a l  root le ts ,  ex-  
c ep t  t h e  c a u d o - v a g a l  ones, caused  m o t o r  responses  of t h e  
u p p e r  a n d  lower  oesophagus ,  s t o m a c h  a n d  d u o d e n u m ,  
n o t  a c c o m p a n i e d  b y  nega t i ve  c h r o n o t r o p i c  effects.  A c u t e  
or  ch ron ic  i n t r a c r a n i a l  sec t ion  of t h i s  g roup  of v a g a l  roo t -  
le ts  c o m p l e t e l y  p r e v e n t e d  t h e  m o t o r  response  of t he  diges- 
t i ve  t r a c t  to  t h e  e lec t r ica l  s t i m u l a t i o n  of t he  ips i l a t e ra l  
dorsa l  m o t o r  nuc leus  or  v a g a l  t r u n k ,  respec t ive ly ,  w i t h o u t  
a f fec t ing  in  b o t h  cases t h e  b r a d y c a r d i a c  effect.  

(iv) I n  all  t h e  a n i m a l s  s u b n f i t t e d  to  a ch ron ic  rad ico-  
t o m y ,  r e t r o g r a d e  changes ,  cons i s t ing  m a i n l y  in a m a r k e d  
loss of cells, were  obse rved  3 weeks  l a t e r  in  t h e  m e d i a l  
a spec t  of t h e  ips i l a te ra l  dorsa l  m o t o r  nucleus ,  w i t h  a 
r a t h e r  c o n s t a n t  d i s t r i bu t i on .  Such  r e t r o g r a d e  changes  
were  f o u n d  to  occur  in  t h e  u p p e r  p a r t  of t h e  c a u d a l  ha l f  
of t h e  nucleus ,  in  cases of b u l b a r - a c c e s s o r y  r a d i c o t o m y ;  
in  t he  basa l  p a r t  of t he  c r an i a l  ha l f  of t h e  nucleus ,  in  cases 
of c a u d o - v a g a l  r a d i c o t o m y ;  in  b o t h  of these  areas,  w i t h  
more  m a r k e d  loss of cells a t  t h e  border ,  in  cases of com-  
b ined  bu lba r - acces so ry  a n d  c a u d o - v a g a l  r a d i c o t o m y  (Fi- 
gure  C). 

(v) Serial  cross sec t ions  of t he  vago-accesso ry  complex  
h a v e  s h o w n  t h a t  t he  5-7  c a u d a l m o s t  v a g a l  root le ts ,  re- 
ferred to as c a u d o - v a g a l  in (ii), (iii) a n d  (iv), c lus t e r  to-  
ge the r  and,  i n s t ead  of m e r g i ng  in to  t h e  col lected v a g a l  
root ,  e n t e r  t he  j u g u l a r  f o r a m e n  as s e p a r a t e  s t r a n d s  of 
f ibers  ly ing  in  t he  do r so -cauda l  ang le  b e t w e e n  t h e  v a g a l  
a n d  t he  accessory  roots ,  close to  t h e  b u l b a r  p o r t i o n  of t h e  
l a t t e r  (Figure ]3)4,s. 

The  above  resul t s  ( s u m m a r i z e d  in t h e  Figure)  sugges t  
t h a t  in  t he  dog t he  c a r d i o - i n h i b i t o r y  n e u r o n s  are  local ized 
in t h e  med ia l  a spec t  of t he  midd le  2/4 of t he  dorsa l  m o t o r  
nucleus ,  where  t h e y  are  a r r a n g e d  in  t h e  s ame  caudo-  
c r an i a l  sequence  as t he  bu l ba r - acce s s o r y  a n d  c a u d o - v a g a l  
roo t le t s  b y  wh ich  t h e  axons  leave t he  medul la ,  t h e  b u l b a r -  
accessory  neu rons  ly ing cauda l l y  to,  a n d  p a r t i a l l y  over-  
l app ing  wi th ,  t he  vaga l  ones. 

The  bu lba r -accesso ry  a n d  caudo - vaga l  roo t le t s  do  n o t  
c o n t a i n  genera l  v e g e t a t i v e  e f fe ren t  fibres,  m o t o r  for  t h e  
d iges t ive  t rac t ,  wh ich  a p p e a r  to  be  col lected in t h e  re- 

m a i n i n g  v a g a l  roo t l e t s ;  b u t  t h e  poss ible  p resence  of gen-  
era l  v e g e t a t i v e  e f fe ren t  f ibres  for  t he  r e s p i r a t o r y  t r a c t  
m u s t  be  b o r n e  in m i n d  in t he  q u a n t i t a t i v e  ana lys i s  of t h e  
c a r d i o - i n h i b i t o r y  neurons .  

T h e  a r r a n g e m e n t  in  sequence  of t h e  c a r d i o - i n h i b i t o r y  
f ibres  across  t he  b o r d e r  b e t w e e n  b u l b a r - a c c e s s o r y  a n d  
v a g a l  roo ts  a c c o u n t s  for t he  d e b a t e d  ques t i on  of t h e i r  
a n a t o m i c a l  a p p u r t e n a n c e  6. 
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Radicular distribution of cardio-inhibitory and viscero-motor effects 
in the vago-acccssory roots of the dog (A, B), and distribution of the 
retrograde changes, consecutive to chronic section of the cardio- 
inhibitory rootlets, within the dorsal motor nucleus. A: Schematic 
representation of the vago-accessory roots. B: Outline of a cross 
section of the vago-accessory roots, taken at the level of the distal 
end of A. C: Outline of the horizontal projection of the dorsal motor 
nucleus; line O marks the opening of the central canal into the IV 

ventricle. 

Riassunto. Nel  cane,  le f ibre  ca rd io in ib i t r i c i  escono da l  
b u l b o  con  le radicole  b u l b a r i  del l ' accessor io  e con quel le  
pifl c auda l i  del  vago.  Tal i  rad ico le  n o n  c o n t e n g o n o  f ibre  
mot r i c i  pe r  il t r a t t o  d igerente ,  che  sono c o n t e n u t e  ne l la  
porz ione  c ran ia le  del la  rad ice  vagale .  Nel  nuc leo  m o t o r e  
dorsa le  i n e u r o n i  ca rd io in ib i to r i  sono local izzat i  ne l la  por-  
z ione med ia l e  dei  2/4 i n t e rmed i ,  e sono d i s t r i bu i t i  nello 
s tesso o rd ine  caudo-c ran ia l e  delle radicole  con  le qua l i  gli 
assoni  escono da l  bulbo .  
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