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S T U D I O R U M  P R O G R E S S U S  

IntraceUularly Recorded Antidromic Responses  
of Deiters' Neurones  

The  nuc leus  of Dei te rs  is one  of t he  m o s t  consp icuous  
s t ruc tu re s  in  t h e  b r a i n  s t em,  as i t  i nvo lves  t he  w e l l - k n o w n  
g ian t  cells. Recen t ly ,  knowledge  of t h e  c y t o - a r c h i t e c t u r e  
a n d  f ibre  c o n n e c t i o n s  in  th i s  nuc leus  ha s  g r e a t l y  b e e n  ad-  
vanced  b y  BRODAL e t  al. 1,~. On  t h e  otl~er h a n d ,  t h o u g h  
ex t r ace l lu l a r  r ecord ing  of u n i t  sp ikes  h a s  b e e n  ca r r i ed  o u t  
b y  severa l  worker s  ~, t h e r e  a re  s t i l l  m a n y  i m p o r t a n t  gaps  
in ou r  knowledge  of e lec t r ica l  e v e n t s  occur r ing  in t h e  
neu roues  of De i t e r s '  nucleus .  I n  t h e  work  to  be  r epo r t ed ,  
i n t r ace l lu l a r  t e c h n i q u e  ha s  been  app l ied  to  these  n e u r o n e s  
w h i c h  were  iden t i f i ed  b y  a n t i d r o m i c  a c t i v a t i o n  t h r o u g h  
the  v e s t i b u l o s p i n a l  t r ac t .  

Cats  were a n a e s t h e t i z e d  w i t h  p e n t o b a r b i t o n e  sod ium.  
I n  o rde r  to  a p p r o a c h  t he  nuc leus  of De i te r s  w i t h  micro-  
e lectrodes,  t h r e e  d i f f e ren t  d i r ec t ions  h a v e  b e e n  t r i ed :  (1) 
d o r s o - v e n t r a l l y  a f t e r  comple t e  r e m o v a l  of t he  ce rebe l lum,  
(2) h o r i z o n t a l l y  in  t h e  c a u d o - r o s t r a l  d i r ec t i on  a f t e r  t he  
pos t e r io r  lobe v e r m i s  was  l i f ted u p  so as  to  expose  the  
floor of t h e  f o u r t h  ven t r ic le ,  a n d  (3) v e n t r o - d o r s a l l y  
t h r o u g h  t h e  m e d u l l a r y  p y r a m i d .  T h e  las t  p rocedu re  was 
m o s t  f a v o u r a b l e  because  i t  c aused  l i t t l e  d a m a g e  to  t he  
b r a i n  t issue,  a n d  the re fo re  i t  was  used  t h r o u g h o u t  t h e  
l a t e r  expe r imen t s .  I n  t h i s  even t ,  t h e  c a t  was  la id  w i t h  i t s  
lef t  f l ank  down,  t h e  h e a d  be ing  f ixed ups ide  d o w n  on  a 
s t e r e o t a x i c  a p p a r a t u s .  Af t e r  t r a c h e a l  c a n n u l a t i o  n, t he  
t r a c h e a  a n d  oesophagus  were cu t  a t  t h e  level  of C~ ve r t e -  
b r a  a n d  t h e i r  ora l  ends  were  l i f ted up.  T h e  base  of t he  
skul l  t h u s  exposed  was  ho led  b e t w e e n  t he  t y m p a n i c  bu l lae  
a n d  t h e  v e n t r a l  sur face  of t h e  m e d u l l a r y  p y r a m i d s  was  
v isual ized  for a b o u t  5 m m  c a u d a l l y  f rom t he  edge of t h e  
pons .  T h e  C~ v e r t e b r a  was he ld  r ig id ly  b y  a m e t a l  c l a m p  
a n d  i ts  b o d y  was  dr i l led  t h r o u g h ,  t h e  v e n t r a l  sur face  of 
t h e  C8 sp ina l  s e g m e n t  be ing  exposed.  T h e  T13 to  L~ ver -  
t e b r a e  were  also l a m i n e c t o m i z e d  a n d  t h e  r i g h t  side of t h e  
L~ s e g m e n t  of t he  sp ina l  cord  was  exposed.  T h e  L s ver -  
t e b r a  was  c l a m p e d  r ig id ly  w i t h  i t s  le f t  s ide down.  T h e  
ves t i bu losp ina l  t r a c t  was  s t i m u l a t e d  a t  b o t h  C 3 a n d  L~ 
levels on  t he  r i g h t  s ide b y  e n a m e l  wires  p laced  on  t he  
v e n t r a l  sur face  of t he  cord  a t  a b o u t  2 m m  la te ra l  f r om t h e  
a n t e r i o r  m e d i a n  fissure. S t r e n g t h  of s t imul i  was  a d j u s t e d  
b y  m o n i t o r i n g  t h e  spike  p o t e n t i a l  o n  t h e  surface  of t h e  
p y r a m i d s  wh ich  in p a r t  would  invo lve  the  impulses  up  
t h e  ve s t i bu lo sp ina l  t r ac t .  Glass  microe lec t rodes  were filled 
w i t h  so lu t ion  c o n t a i n i n g  3 M  KC1 or  2 M  K c i t r a t e  a n d  
those  h a v i n g  e lect r ica l  r e s i s t ance  of  15 to  2 0 M  /2 were 
selected.  T h e y  were  i n se r t ed  i n t o  t h e  b r a i n  s t e m  ve r t i ca l ly  
w i t h  a l a t e r a l  ang le  of 10 to  20 degrees  a t  a b o u t  5 m m  
c a u d a l  f r o m  t h e  edge of t h e  pons  a n d  2 m m  la te ra l  f r om 
the  a n t e r i o r  f issure on  t h e  r i g h t  side. T he  m i c r o m a n i p u -  
l a to r  a n d  t h e  m e t h o d  of t r a c k i n g  t h r o u g h  t he  b r a i n  t i ssue  
were s imi la r  to  t he  m e t h o d s  e m p l o y e d  for sp ina l  mo to -  
neu rones  ~. 

F igure  A shows example s  of t he  p o t e n t i a l  changes  re- 
corded  w i t h  a mic roe lec t rode  which ,  a f t e r  once  in se r t ed  
to a d e p t h  of 10 m m  f rom t he  surface  of t h e  p y r a m i d  w i t h  
a l a t e ra l  ang le  of 16 °, was  W i t h d r a w n  in  100 tz s teps ,  t h e  
cord  be ing  s t i m u l a t e d  a t  t he  C~ level  homola t e r a l l y .  I t  is 
seen t h a t  t h e r e  occurs  n e g a t i v e  f ield p o t e n t i a l  a t  a d e p t h  
of 4 to  8 ram,  p a r t i c u l a r l y  p r o m i n e n t l y  a t  5.5 to  7.5 ram.  
W h e n  recorded  a long  severa l  t r a c k s  w i t h  d i f fe ren t  angles  
on  t h e  s ame  t r a n s v e r s e  p lane ,  i t  was  r evea l ed  t h a t  t h i s  
nega t ive  field p o t e n t i a l  was  g e n e r a t e d  f rom a well- 
c i r cumscr ibed  a rea  in t h e  v e s t i b u l a r  nucle i  region.  I n  t h e  
Case of F igure  A, for example ,  t h e  a rea  g iv ing  n e g a t i v i t y  

of more  t h a n  500 ~V in  p e a k  a m p l i t u d e  is enc losed  b y  a 
circle w i t h  d i a m e t e r  of a b o u t  2 m m .  Th i s  a r e a  was  con-  
f i rmed  h is to log ica l ly  to  c o r r e s p o n d  e x a c t l y  to  t h e  reg ion  
of t he  l a t e ra l  v e s t i b u l a r  nuc l eus  of Dei ters .  I p s i l a t e r a l  
s t i m u l a t i o n  a t  L~ level  p r o d u c e d  n e g a t i v i t y  in  t h e  dorso-  
c a u d a l  p o r t i o n  of the  a rea  w h i c h  was i n v a d e d  b y  impulses  
w h e n  t h e  co rd  was  s t i m u l a t e d  a t  t h e  C 8 level.  Th i s  is con-  
s i s t en t  w i t h  the  s o m a t o t o p i c a l  d i s t r i b u t i o n  in  t h e  nuc leus  
of De i t e r s  d e t e r m i n e d  b y  a h i s to logica l  m e t h o d  ~. 

S u p e r p o s e d  o n  t h e  f ield po t en t i a l s ,  t h e r e  o f t en  a p p e a r e d  
u n i t  ex t r ace l l u l a r  spike  p o t e n t i a l s  w h i c h  were  la rge  nega-  
t i v e  (]?igure ]3), pos i t i ve -nega t i ve  (F igure  C) or  s o m e t i m e s  
n e g a t i v e - p o s i t i v e  (Figure  D) spikes .  A m p l i t u d e  of these  
spikes  was  usua l ly  w i t h i n  seve ra l  mi l l ivol t s ,  b u t  t h a t  of 
t h e  p o s i t i v e - n e g a t i v e  spikes s o m e t i m e s  a m o u n t e d  to  30 
to 40 inV.  W h e n  t h e  mic roe lec t rode  p e n e t r a t e d  t h e  cell 
m e m b r a n e ,  t h e r e  a p p e a r e d  s u d d e n l y  a r e s t i ng  p o t e n t i a l  
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A, electric field potentials occurring along a track through the nucleus 
of Deiters during its antidromic activation. The ventral surface of 
the C a spinal segment was stimulated homolateraUy with condensor- 
discharge shocks (time constant, 50 tzsec). Figures on each trace 
indicate the depth of the microelectrode measured from the ventral 
surface of the pyramid. Time constant of the amplifier was 0.`2 sec. 
Voltage scale of ,2 mV is shown in C. Negativity is represented by 
downward deflections. The bottom trace (surf.) is the potential 
change recorded by a ball-tipped electrode from the ventral surface 
of the pyramid and illustrated with negativity upwards. B, C, D, 
unit spikes recorded extraccllularly in Deiters' nucleus during anti- 
dromic activation from C 3 level. Time constant of amplifier was 
0.0`2 sec. The same voltage scale of ~ mV and time scale of msec 
apply to all of B, C and D. E, spike potential of a Deiters' neurone 
antidromieally induced from C 3 level and recorded intracellularly, d.c. 
recording. F, G, responses of another Deiters' neurone for double 
antidromie stimuli at  C~ level, d.c. recording. H, afterpotential 
following a spike antidromically induced in the same cell as in F and 
G, d.c. recording. I, synaptic noise occurring spontaneously in 
Deiters' neurone, d.c. recording. J, excitatory postsynaptic potential 
produced in a Deiters' neurone by stimulating the ipsilateral vestibular 
nerve which was prepared for stimulation by opening the bulla and 
removing the first turn of cochlea 8. Voltage scale of '2 mV applies to 
both I and J. In B-J, negativity is shown downwards. In all records 
of the Figure except I, tea to forty traces were superimposed at a 

sweep rate of 3 to 10 c/s. 
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of 50 to 70 mV and stimulation of the C a segment elicited 
with a short latency (0.5 to 1.9 msec) action potentials 
which amounted to 80 mV in amplitude and showed an 
inflection on their rising slope (Figure E). That  these 
spikes were induced by antidromic invasion was indicated 
by the fact that ,  when the stimulus strength was reduced, 
or when conditioned by another stimulus with a short 
interval, the spike disappeared abruptly without leaving 
any prepotential. When two stimuli were given at  appro- 
priate intervals, the inflection of t h e  succeeding spike 
became pronfinent (Figure F), or the spike was fractioned 
into two component potentials (Figure G). On analogy 
to the untidromically evoked spike in cat  spinal moto- 
neurones 4, this inflection would be assumed to occur due 
to the step conduction from the initial segment to the 
cell soma. The spike potential was followed by an after- 
hyperpolarization of several millivolts with a duration 
of 20 to 50 msec (Figure H). This relatively short duration 
of the after-hyperpolarization in comparison with tha t  
of cat  spinal motoneurones b would be relevant to the fact 
that  the impaled cells tended to fire repeti t ively at a rate 
up to 400 c/s, presumably due to depolarization caused 
by penetration. In general, the cells in Deiters'  nucleus 
were much more susceptible to injury due to microe!ec- 
trode penetration than spinal motoneurones of the same 
animal species. In addition to such configurations of 
the action potential as the inflection and ufter-hyper- 
polarization, presence of irregular fluctuation of the 
membrane potential  of a few millivolts (Figure I), prob- 
ably caused by spontaneous synaptic activity, may be 
taken as evidence tha t  the nerve cells but  not  the axons 
were penetrated. 

When a Deiters'  cell was invaded antidromically from 
both C 3 and L~ levels, the conduction velocity along its 
axon could be calculated from the distance between these 
two segmental levels and the difference of latencies for 
antidromic invasion therefrom. This ranged from 25 to 
119 m/sec. If  HURSH'S ~ relation between the fibre calibre 
and the conduction velocity holds for fibres in the vesti- 
bulospinal tract, its calibre spectrum should cover a wide 
range from 4 to 20 tz. Under the assumption tha t  larger 
cells issue thicker axons, the above results would be con- 
sistent with the histological finding tha t  the cells in a 
Deiters'  nucleus are of various sizes, including the giant 
cells, which practically all send axons down to the spinal 
cord *. 

In Figure H strength of the antidromic stimulus was 
set just at threshold value for the axon of the impaled 
cell, there being failure of stimulation at about half the 
trials. Wi th  this procedure of threshold-straddling no evi- 
dence has been obtained of the recurrent inhibition such 
as tha t  through the Renshaw ceil pathway for spinal 
motoneurones% Exc i ta to ry  and inhibitory postsynaptic 
potentials could be induced in the cells of Deiters by 
st imulat ing various sources of their afferent connections, 
i.e. vestibular nerve, cerebellum and spinal cord. For 
example, Figure J illustrates that  stimulation of the ipsi- 
lateral vestibular nerve elicited an excitatory postsynaptic 
potential  with a latency as short as 0.6 msec. This poten- 
t ial  is presumed to be induced monosynaptieally through 
the pr imary vestibular afferent which makes direct con- 
tact  with the cells of Deiters. These postsynaptic poten- 
tials are now being studied in relation with the somato- 
topical distribution of individual cells in the nucleus and 
the conduction velocities of their axons. 

Rdsumd. Chez le chat anesth6si6 au Nembutal,  les 
r6ponses 6voqu6es duns les neurones de Deiters par les 
stimulations antidromiques out 6t6 6tudi6es au moyen 
de micro61ectrodes intracellulaires. 
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