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Evoked potentials recorded from the somatosensory area I (SI) and II (SI1) on stimulation of the contralateral deep radial nerve. The 
potentials were simultaneously recorded on a fast (left traces) and slow time base. The inset records (upper left traces) show, on the fast 
time base, the primary afferent volley triphasically recorded from the dorsal funiculus at the C 3 level immediately after the cortical recording. 
Arrow in C indicates initial positivity signalling ilmoming volley. Stimulus strength in multiples of nerve threshold is indicated on each set of 

records. Positivity is signalled upwards. Voltage scale applies to cortical potentials (right traces). Superposed sweeps. 

a n d  t h a l a m i c  r e l a y  c o m p a r a b l e  t o  t h a t  f o u n d  a t  t h e  
g r o u p  I r e l a y s  t o  t h e  c e r e b e l l a r  t r a c t s  in  C l a r k e ' s  c o l u m n  s 
a n d  t h e  e x t e r n a l  c u n e a t e  n u c l e u s  4. T h e  f i n d i n g  t h a t  t h e  
w h o l e  t h r e s h o l d  r a n g e  o f  g r o u p  I a f f e r e n t s ,  i n c l u d i n g  
a f f e r e n t s  o f  t h e  l o w e s t  t h r e s h o l d ,  c o n t r i b u t e d  t o  t h e  e v o k e d  
p o t e n t i a l  s u g g e s t s  t h a t  a f f e r e n t s  f r o m  m u s c l e  s t r e t c h  re-  
c e p t o r s  a r e  r e s p o n s i b l e .  

Zusammen/assung. B e i  R e i z u n g  d e r  G r u p p e  I a f f e r e n t e r  
F a s e r n  d e r  M u s k e l n e r v e n  d e s  V o r d e r b e i n s  e r h i i l t  m a n  
p o s i t i v e  : P o t e n t i a l e  m i t  k u r z e r  L a t e n z  i n  d e r  s o m a t i s c h e n  
A r e a  I d e r  G r o s s h i r n r i n d e .  D i e  s o m a t i s h e  A r e a  I I  b l e i b t  

r e a k t i o n s l o s .  Die  L e i t u n g  l ~ u f t  f iber  d a s  S y s t e m ,  I "un i -  
c u l u s  d o r s a l i s - L e m r l i s c u s  m e d i a l i s .  
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Inf luence of the Caudate Nuc leus  on Hi ppocam pa l  
Af terd i scharges  in the Rabbit  

The nucleus caudatus inhibits many cortical and sub- 
c o r t i c a l  r e s p o n s e s  t,2. I n  a f e w  c a s e s ,  h o w e v e r ,  c a u d a t e  
s t i m u l a t i o n  in  t h e  c a t  p r o d u c e d  m o t o r  e f f e c t s  s u c h  a s  h e a d  
t u r n i n g ,  l i c k i n g ,  s n i f f i n g ,  s w a l l o w i n g  a n d  o t h e r  a u t o n o m i c  
r e f l e x e s  a,4. S t i m u l a t i o n  o f  t h i s  n u c l e u s  m a y  a l so  f a c i l i t a t e  
a r e s p o n s e  e v o k e d  f r o m  a n o t h e r  p a r t  o f  t h e  b r a i n ,  s u c h  
as  v e s t i b u l a r  n y s t a g m u s  5. 

A s  a n e w ,  s t r i k i n g  e x a m p l e  o f  s u c h  f a c i l i t a t o r y  a c t i o n ,  
we  d e s c r i b e  h e r e  t h e  e n h a n c e m e n t  of  h i p p o c a m p a l  a f t e r -  

d i s c h a r g e  (HA) .  T h i s  e f f e c t  is e s p e c i a l l y  c lea r ,  w h e n  c o m -  
p a r e d  w i t h  t h e  i n f l u e n c e  of  c a u d a t e  s t i m u l a t i o n  o n  t h e  
resting h i p p o c a m p u s  ( F i g u r e  1). I n  t h e  l a t t e r ,  c a u d a t e  

i F .A.  METTLER, H. W. ADES, E. LIPMAN, and E. A. CULLER, Arch. 
Neurot. Psychiat. 41, 984 (1939). 
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s t imula t ion  produces  synchroniza t ion ,  the  po ten t ia l s  exhi-  
b i t ing  a f r equency  of 4-7/see  {Figure tB).  This  p h e n o m e n -  
on is especial ly p r o m i n e n t  in subcor t ica l  s t ruc tu res  such 
as the  dorsal  h i p p o c a m p u s  (lead b) and  the  re t icular  
fo rmat ion  (lead c), bu t  m a y  also f ind an  express ion  in 
cort ical  recordings  (lead a). Cortical  arousal  was neve r  
observed.  

I f  the  dorsal  h i p p o c a m p u s  is s t imula ted  first  for per iods  
of 5-10 sec and  cauda te  s t imula t ion  appl ied  i m m e d i a t e l y  
a f te rwards ,  m a r k e d  p ro longa t ion  and  e n h a n c e m e n t  of 
the  HA resul ts  (Figure 2, B - D ) .  However ,  the  H A  c a n n o t  
be ma in t a ined  indef in i te ly  b y  con t inued  c a u d a t e  s t imula-  
t ion.  In  the  e x p e r i m e n t  of Figure  2, the  HA dies out  af ter  
abou t  60 sec, a l t hough  exc i t a t ion  of t he  cauda te  nucleus  
was no t  in te r rup ted .  This  observa t ion  suggests  t h a t  
cauda te  s t imula t ion  can  enhance  b u t  n o t  in i t i a te  HA,  in 
ag reemen t  w i th  t h e  obse rva t ions  on res t ing  h i p p o c a m p u s  
(see Figure  1). The  E E G  samples  shown  in Figure  2, B - D ,  
are s imilar  to  the  discharges ,  charac te r i s t ic  for s t imu la t ion  
of the  h i p p o c a m p u s  alone (Figure 2A). However ,  t h e  
h igher  f requencies  of discharge,  when  ac t iva t ed  by  im- 
pulses f rom the  cauda te  nucleus,  cause closer spacing,  
thus  p roduc ing  the  p ic ture  of a uniform,  repe t i t ive  firing 
a t  12-14/see (Figure 2C). I t  was  also observed  t h a t  when  
the  H A  t e n d e d  to  decrease,  con t inued  cauda te  s t imula t ion  
could somet imes  reac t iva te  it and  evoke a second dis- 
charge  period,  dur ing  which  again a f r equency  level could 
be reached,  s imilar  to t he  one shown in Figure  2C. 

Ipsi-  or con t ra l a t e ra l  cauda te  s t imula t ion  give quali-  
t a t ive ly  ident ical  resul ts  on the  HA.  This  e n h a n c e m e n t  is 
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Fig. 1. F.ffect of mmleus caudatus on resting hippocampus; (A) re- 
cordings before, (B) during eaudate stimulation. Stimulation at right 
caudate nucleus, 11 mm below surface of the skull, at 8 V, 900 cy/see; 
stimulus duration, 1 reset. Time in see (on top of record); (a) right 
sensory cortex ; (b) right dorsal hippocampus; (e) right ulesencephalie 

retienlar formation. Frequency of synchronized potentials 7/see. 
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Fig. '2. Influence of nucleus eaudatus on hippocampal afterdischarge 
(HA), produced by stinmlation of dorsal hippocampus. Right nucleus 
caudatus stimulated 10 mm below surface of the skull, at 6 V, 
200 cy/sec, 1 msec. Right dorsal hippocampus stimulated at 0.6 V, 
40 cy]sec, '2 msec. Time in see (on top); (a) right motor cortex; 
(b) right dorsal hippoeampus; (c) left dorsal hippocampus; (d) right 
mesencephalic reticular formation. (A) hippocampus stimulated 
alone; (B)-(D) hippoeampus stimulated first for 10 see. Thereafter 
(at arrow + ), caudate stimulation started. HA prolonged for about 
60 see. Note in C transformation of HA into a fast, homogeneous 

rhythm of 13]sec. 

a specific effect :  P l a c e m e n t  of the  e lec t rodes  on the  
borders  a round  the  cauda te  nucleus  h a d  no influence on 
HA,  wi th  t he  excep t ion  of t h e  p u t a m e n  and  the  globus  
pall idus.  I n t e r ac t i on  of t he  l a t t e r  w i th  the  H A  will be  
r epo r t ed  separa te ly .  

Rdsumd. La s t imula t ion  du noyau  caud6 a u g m e n t e  e t  
pro longe  la pos td6charge  h i p p o c a m p a l e  chez le lapin.  
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R e s p o n s i v e n e s s  and  D i s c r i m i n a t i o n  d u r i n g  S leep  

E x p e r i m e n t s  were pe r fo rmed  to  eva lua te  the  abi l i ty  of 
sleeping subjec ts  to  d i sc r imina te  be tween  d i f fe ren t  
pi tches.  For  th i s  purpose  ca ts  were  t r a ined  dur ing  the  
wakeful  per iod as follows: a tone  of a g iven (e.g. 5 Kcps)  
p i tch  referred to  as 'pos i t ive '  was  re inforced  in an e i ther  
classical or i n s t r u m e n t a l  condi t ion ing  rou t ine  such t h a t  
the  former  involved unavo idab le  uncond i t i oned  exci ta-  
t ion to mesencephal ic  cent ra l  gray  m a t t e r  1 and  the  l a t t e r  
avoidable  uncond i t ioned  exc i t a t ion  to  skin;  tones  of 
o the r  (e.g. 5.1-12.5 Kcps)  p i t ches  referred  to as ' nega t ive '  
were never  reinforced.  The effect iveness  of each p i t ch  was 
judged  by  its capac i ty  to  p roduce  an  E E G  ' a c t i va t i on '  of 

t he  somat ic  sensory  cor tex  and  a behav io ra l  cond i t ioned  
response ,  

Af te r  a br ief  per iod of general izat ion,  d i f fe ren t ia t ion  of 
' nega t ive '  p i t ches  was  ach ieved  in a s t aggered  sequence  in 
wh ich  f r equency  values  closer to  t he  'pos i t ive '  one were 
d i f f e ren t i a t ed  la ter ;  eventua l ly ,  tone  effect iveness  s tabi l -  
ized, showing a m a x i m u m  value a t  t he  'pos i t ive '  p i t ch  and  
decreas ing  as f requency  sepa ra t ion  f rom the  l a t t e r  in- 

1 Previous experiments have shown that tones that were reinforced 
in this manner evoked a conditioned response and awakened the 
sleeping eat (D. ROI~GERS, N. B~J~NmA, J. GELBER, and S. YXAR- 
RAZABAL, in preparation). 


