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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). 
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creased (Fig. 1, B-C ,  curves  awake)2. At  this period, cats  
were tes ted dur ing  the i r  na tu ra l  sleep which,  in agreement  
wi th  o ther  reports ,  showed two stages. (A) 'H igh  vol tage '  
sleep wi th  an imal  immobile ,  modera t e  to ex t reme  reduc- 
t ion of neck E M G  ac t i v i t y  and high ampl i tude ,  slow EEG.  
(B) The ' rhombencepha l i c '  s tage wi th  twi tches  and eye 
movements ,  ex t r eme  reduc t ion  of E M G  ac t i v i t y  and low 
ampl i tude ,  fas t  E E G  ; as shown by  the  f requency  analysis 
in F igure  1, A, t he  e lec t rocor t icographic  pa t t e rn  of the  
rhombencepha l ic  s tage was no t  ident ica l  wi th  t h a t  of the 
awake  and aler t  cat ,  since it  had  a s ignif icant  percentage 
of slower r h y t h m s  no t  encountered  in the  wakeful  prep- 
ara t ion  and lacked the abundance  of 12-20 cps frequencies 
obvious  in the  lat ter .  

R e a c t i v i t y  in s leeping cats  (in t e rms  of  behaviora l  or  
E E G  responses) was character is t ic .  (A) Dur ing  'h igh 
vo l t age '  sleep effect iveness  changed l i t t le  for the  'pos i t ive '  
va lue  but,  for ' nega t ive '  tones, d ropped  marked ly  and in 
a degree t h a t  increased as p i tch  separa t ion  f rom the  former  
increased (Figure 1, B-C).  One m a y  therefore  infer t ha t  
h igh  vol tage  sleep is no t  an al l -encompassing,  uni form 
decrease in exc i tab i l i ty :  in th is  condi t ion  cats  re ta ined 
cer ta in  responses, including those developed as a conse- 
quence  of t r a in ing  2's. The  d i sc r imina tory  ab i l i ty  was pre- 
served also and, as shown by  the  sharper  cont ras t  be tween 
the  eff iciency of the  'pos i t ive '  p i tch  and the  eff iciency of 
the ' nega t ive '  frequencies,  i t  was even  enhanced  : improve-  
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merit  came abou t  because effect iveness of  ' n ega t ive '  s t im-  
uli was decreased or, in o the r  words, because in te rna l  
differential  inhibi t ion was enhanced,  suppor t ing  the  clas- 
sical con ten t ion  t h a t  both  processes (sleep, inhibi t ion) are 
related. 

(B) Dur ing the  ' rhombencepha l i c '  s tage cats  reac ted  
l i t t le  to the  'pos i t ive '  p i tch  and no t  a t  all to ' nega t ive '  
ones (Figure 1, C) 4. The  t e r m  'deep sleep'  is therefore  
correct,  p rov id ing  it  implies only inoperancy  of tes t  
s t imuli ;  i t  appears  object ionable ,  however ,  insofar as it  
suggests a qua l i t a t ive ly  uni form and q u a n t i t a t i v e l y  pro-  
gressive depression tha t  carries the  ini t ia l ly  awake  an imal  
first to high vol tage sleep and then  to the rhombence-  
phalic stage. The  following considera t ions  indicate  t h a t  
'h igh voltage" sleep and the  ' rhombencepha l i c '  s tage  differ  
in the  na ture  of the  decreased r eac t iv i ty  t h e y  bo th  exhi-  
bit*. First ly,  appearances  favored dual i ty ,  since indiffer-  
ence in 'high vol tage '  sleep (restricted to ' nega t ive '  tones) 
contras ted with tha t  in the  rhombencepha l ic  s tage  (gen- 
eralized to all pitches). Secondly,  any  non-responsiveness  
can be the  ou tcome of one or ano the r  of the  fol lowing 
mechanisms:  (a) an increase in the  threshold  of t he  pa th -  
way {such, the  aboli t ion of a spinal  reflex by  re t icu la r  
inhibit ion and tha t  of a condi t ioned reflex by  in terna l  
inhibition) ; (b) an intense ac t iva t ion  of the p a t h w a y  (such, 
the aboli t ion of a spinal reflex by  occlusion or  of a condi-  
t ioned reflex by  external  inhibit ion).  A mechan i sm of 
type  (b) (occlusion-like or  external- inhibi t ion- l ike)  m a y  
cause non-responsiveness in the  rhombencepha l ic  s tage:  
this in terpre ta t ion  is suppor ted  by  the  findings t h a t  i t  is 
associated with  high rates of neuronal  discharge in cats  
and is followed by f requent  reports  of d reams in humans  4,~. 
In  summary,  the ' rhombencephal ic '  s tage can  be con- 
ceived as a physiological episode t h a t  involves  an intense 
ac t iva t ion  of the brain (which thus  becomes re la t ive ly  
unavai lable  to in tercurrent  s t imulat ion)  and tha t ,  t hough  
occurring exclusively dur ing 'h igh vo l t age '  sleep, is qual i-  
t a t ive ly  different  from it  ". 

Rdsumd. La discr iminat ion tonale  a 6t6 analysde chez 
des chats  dress6s perrdant l '~ ta t  de veille ~ r6pondre ~ un 
son d 'une  fr6quence donn6e (son ,~positif,~) et ~ ne pas  
r6pondre aux autres  fr6quences sonores (sons ,n~gatifs~)). 
Pendan t  la veille, l 'efficacit6 des sons ,negatifsf~ d iminue  
au fur et  g mesure que  la diff6rence de fr6quence avec  le 
son ~,positif~ augmente .  Pendan t  le sommei l  lent  e t  de 
hau t  voltage,  l 'efficacit6 du son ,pos i t i f ,  ne change pas  
ou diminue peu, tandis  que celle des sons <~n~gatifs, est  
r6duite:  ainsi, le cha t  endormi  possbde encore la possi- 
bilit~ de faire des d iscr iminat ions  pr6cises. P e n d a n t  la 
phase , r h o m b e n c f p h a l i q u e ,  du sommeil ,  l 'eff icacit6 de 
tous le s  sons disparai t  : on  discute la na tu re  de ce m a n q u e  
de r6activit& 
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(A) Frequency analysis of the EEG, somatic sensory cortex (fore-limb 
area) : animal alert, during high voltage sleep (HVS) and during the 
rhombencephalic stage (RS). On abscissae (left to right), frequency 
ranges of 37 ,  8-1~, 13-15, 16-30 cps. On ordinates, relative amounts 
of each frequency. - (B) Discrimination: awake and in high voltagc 
sleep. (C) Discrimination: awake and alert, awake with EEG sFindles 
(SP), in high voltage sleep (HVS), in the rhombencephalic state (RS}. 
For J3 and C : On abscissae, pitch frequency (5 Kcps was reinforced) ; 
on ordinates, percentage of the presentations producing the beha- 

vioral conditioned response in all applications of each pitch. 

2 N. BUENDIA, G. SIERRA, M. GOOOE, and J. P. SEGUNDO, ill Neuro- 
physiological Basis o[ Mental Activity (Ed. R. HERNANDEZ PEON), 
EEG clin. Neurophysiol., in press. 
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