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B y  means  of a w a t c h  spiral  p laced on t he  f i rs t  axle a 
c o n v e n i e n t  t ens ion  is appl ied to the  muscle  ( m a x i m u m  
250 mg). The  b e a m  of l ight  is ref lec ted  b y  t he  mi r ro r  on to  
a c e n t i m e t e r - g r a d u a t e d  semi-c i rcular  screen, p laced  a t  a 
d i s tance  of 1 m and  e q u i d i s t a n t  a t  eve ry  p o i n t  f rom t he  
mirror .  U n d e r  these  condi t ions ,  the  sys t em prov ides  a n  
ampl i f i ca t ion  of a b o u t  1000 t imes.  T he  responses  are 
measu red  b y  read ing  d i rec t ly  on t he  screen, in  cm, the  
course of the  b e a m  of l ight .  Doses of ace ty lchol ine  were 
genera l ly  used which  p roduced  read ings  of a b o u t  100 cm. 

For  the  dosage of acetylchol ine ,  a smal l  l o n g i t u d i n a l  
s t r ip  of the  r e c t u m  a b d o m i n a l  muscle  of t he  t o a d  (Bu/o 
arenarum Hensel)  was employed.  This  was  o b t a i n e d  I rom 
the  zone above  the  a b d o m i n a l  vein.  I n  m o s t  cases th i s  
zone is no more  t h a n  2-3 m m  wide, and  is easi ly dis- 
t ingu ished  f rom the  rest .  R e l a x a t i o n  is rapid ,  a l lowing 
for a dose to be  t r ied  eve ry  5-10 min .  I n  th i s  muscle  the  

response  was p r o p o r t i o n a l  to  t h e  l o g a r i t h m  of t he  dose, 
a n d  the  effects  were c lear ly  d i f fe ren t  w h e n  t r i ed  ill two 
po in t s  w i t h  doses whose  r e l a t i on  was  3 : 4  or 4: 5. The  
responses  were r ep roduc ib le  a n d  in 10 e x p e r i m e n t s  t he  
i ndex  of precis ion gave  a m e a n  v a l u e  for  Z of 0.047 
4- 0.007. The  useful  doses for t h i s  muscle  osci l la ted  be- 
tween  8-15 ng  in 0.05 ml.  

l¢dsumd. Une  mod i f i ca t ion  ~ la t e c h n i q u e  du  m i c r o b a i n  
pou r  le dosage de ma t6 r i e l  b io logique  es t  d6cri te .  La  con-  
t r a c t i o n  muscula i re ,  ampl i f i6e  m 6 c a n i q u e m e n t ,  es t  me- 
sur6e p a r  le t r a j e t  d ' u n  r a y o n  de lumi6re  sur  u n  6cran. 

H. B u z z o  

Institute de Investigacidn Mddica 'Mercedes y Martin 
Ferreyra', Cdrdoba (Argentina), July 16, 1965. 

STUDIORU1V[ P R O G R E S S U S  

Arousal  Threshold  in the Cat as a F u n c t i o n  of 
Sleep Phase  and S t i m u l u s  S igni f icance  

Recent ly ,  a n u m b e r  of inves t iga to rs ,  n o t a b l y  DEMENT 
and  KLEITMAN l and  JOUVET et  al. 2, h a v e  d i f f e r en t i a t ed  
in b o t h  m a n  and  an ima l s  be t w een  two t y p e s  of n a t u r a l l y  
occurr ing sleep. The  p r e d o m i n a n t  phase  of sleep is re fer red  
to as high voltage sleep ; tile o ther ,  wh ich  is assoc ia ted  w i t h  
d reaming  in h u m a n s ,  is va r ious ly  cal led paradoxical 
sleep, activated sleep, rhombencephalic sleep, a n d  RE2Vi 
sleep. In  add i t i on  to i ts  low vo l tage  E E G  charac te r i s t i cs ,  
th i s  l a t t e r  s tage of sleep has  a n u m b e r  of o t h e r  d i s t ingu i sh -  
ing features.  The  one which  is m o s t  r e l e v a n t  to  th i s  p a p e r  
is t h a t  a rousa l  t h re sho lds  are r epo r t ed  to be  h i g h e r  in  
pa radox ica l  sleep t h a n  in h i g h  vol tage  sleep ~ 4. However ,  
a s sessment  of a rousal  t h re sho lds  was based  p r i m a r i l y  on  
electr ical  s t imu la t i on  of the  b r a i n  s t em re t i cu la r  fo rma-  
t ion  2,~ and  on  responses  to  n e u t r a l  a u d i t o r y  s t imul i  4. 
Those  s tudies  which  h a v e  p resen ted  mean ing fu l  s t imul i  to  
subjec ts  du r ing  h igh  vol tage  and  pa radox ica l  sleep were 
p r imar i ly  concerned  w i th  inves t iga t ing  l ea rn ing  a n d  dis- 
c r imina t ion  du r ing  the  sleeping s t a t e  as ev idenced  b y  dif- 
ferent ia l  respons iveness  while  still  asleep 6. I n  add i t ion ,  
these  inves t iga to rs  es tab l i shed  s t imulus  s ignif icance b y  
employ ing  an  avers ive  s i tua t ion .  

The  e x p e r i m e n t  r epor t ed  here  d i rec t ly  i n v e s t i g a t e d  
differences of arousal  to  s ign i f ican t  and  non- s ign i f i can t  
s t imul i  du r ing  h igh  vol tage  and  pa radox ica l  sleep a n d  
used a n  appe t i t ive  s i tua t ion  to  e s t ab l i sh  s t imulus  signifi-  
cance ( the de l ivery  of mi lk  to food a n d  l iquid dep r ived  
cats).  

Two adu l t  ea t s  were in t ens ive ly  inves t iga ted .  E a c h  
an ima l  was p repa red  w i th  p e r m a n e n t  record ing  electrodes  
on the  cerebral  cortex,  in t he  dorsa l  h i p p o c a m p u s ,  a n d  in 
the  dorsal  neck  muscles.  Af te r  r ecovery  f rom surgery,  
each an ima l  was a d a p t e d  to a t r a i n i n g  c o m p a r t m e n t  
equipped  w i th  a loudspeaker ,  a n  obs e r va t i on  window,  and  
a dish connec ted  to  a n  a u t o m a t i c  mi lk  de l ivery  device.  
S t imulus  s ignif icance was m a n i p u l a t e d  b y  a four-s tage  
p rog ram of t r a in ing  w i t h  awake  sub jec t s  w h i c h  cons is ted  
of: (a) a d a p t a t i o n  to  t r a in s  of clicks of va r ious  d u r a t i o n s  

a n d  in tens i t i e s ;  (b) cond i t i on ing  to  assoc ia te  the  t e r m i n a -  
t ion  of a t r a i n  of clicks w i t h  de l ive ry  of m i lk  ( the click 
i n t e n s i t y  was 81 d b  S P L  for one s u b j e c t  a n d  85 d b  S P L  
for  t h e  o the r ) ;  (c) e x t i n c t i o n  t r a i n i n g  wh ich  cons is ted  of 
p r e s e n t a t i o n  of t h e  clicks a lone;  a n d  (d) r e cond i t i on ing  
w h i c h  was effected in  t he  same  m a n n e r  as t he  or ig inal  
cond i t ion ing .  

D u r i n g  all  cond i t i on ing  a n d  tes t ing ,  t he  sub j ec t s  were 
m a i n t a i n e d  on  a n  18 to  20 h food a n d  l iqu id  d e p r i v a t i o n  
schedule .  A s h o r t  d u r a t i o n  cond i t i on ing  s t imu lus  was  used 
in i t ia l ly ,  a n d  t h e n  g r a d u a l l y  l e n g t h e n e d  to  100 sec ( the 
s i t u a t i o n  was  t h a t  of a P a v l o v i a n  de l ayed  cond i t i on ing  
pa rad igm) .  T e s t  t r ials ,  wh ich  were p r e s e n t e d  on ly  d u r i n g  
sleep, cons i s ted  of a 50 sec t r a i n  of clicks a lone.  As soon as 
clicks p r e s e n t e d  d u r i n g  sleep re su l t ed  in  b e h a v i o r a l  
arousal ,  t h e  clicks were t e r m i n a t e d  b y  t he  expe r imen te r .  
Cor t ica l  a n d  h i p p o c a m p a l  E E G  a n d  dorsa l  neck  E M G  
were m o n i t o r e d  on  a Grass  p o l y g r a p h  in  o rder  to  dis- 
t i n g u i s h  b e t w e e n  h i g h  vo l t age  a n d  p a r a d o x i c a l  sleep. 

F igu re  1 r ep re sen t s  t he  p e r c e n t a g e  of a w a k e n i n g s  for 
each  ca t  f r om h i g h  vo l t age  sleep to clicks d u r i n g  each  of 
t he  four  s tages  of t he  e x p e r i m e n t :  (A) before  condi t ion ing ,  
(B) a f t e r  cond i t ion ing ,  (C) a f t e r  ex t inc t ion ,  a n d  (D) af te r  
r econd i t ion ing .  S t a t i s t i c a l  ana lys i s  ind ica tes  a s igni f icant  
d i f ference in the  p e r c e n t a g e  of a rousa l s  b e t w e e n  each  suc- 
cessive pa i r  of e x p e r i m e n t a l  condi t ions ,  i.e. b e t w e e n  (A) 
a n d  (B), (B) a n d  (C), a n d  b e t w e e n  (C) a n d  (D). T h e  resul t s  
of t e s t  t r ia l s  a f t e r  e x t i n c t i o n  were essen t ia l ly  the  same as 
t he  resu l t s  of t e s t  t r i a l s  before  cond i t ion ing ,  i nd ica t ing  
t h a t  the  cl icks d u r i n g  these  two s tages  of t h e  e x p e r i m e n t  
h a d  a p p r o x i m a t e l y  t he  same  a rousa l  effects.  I t  shou ld  be 
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n o t e d  t h a t  t h e  h i g h  p r o b a b i l i t y  of a w a k e n i n g  to  t e s t  t r ia ls  
a f t e r  c o n d i t i o n i n g  (B) a n d  r econd i t i on ing  (D) were w i t h  
c l ick in tens i t i e s  of 81 d b  a n d  85 db  for the  two an imals ,  
r e spec t ive ly ;  whereas  on ly  3-4~/o a w a k e n i n g s  occur red  
before  cond i t i on ing  (A) a n d  a f t e r  e x t i n c t i o n  (C) w i t h  cl ick 
in tens i t i e s  of a b o u t  97 db.  W h e n  in tens i t i es  of 81 d b  a n d  
85 d b  were  p r e s e n t e d  before  cond i t i on ing  a n d  a f t e r  ex-  
t i n c t i o n ,  t he re  were  0 ~  awaken ings .  

F igu re  2 r e p r e s e n t s  t i le p e r c e n t a g e  of a w a k e n i n g s  f rom 
p a r a d o x i c a l  sleep d u r i n g  each  s tage  of t h e  e x p e r i m e n t .  
Af te r  c o n d i t i o n i n g  (B) t he  p r o b a b i l i t y  of  a w a k e n i n g  was  
n o t  s ign i f i can t ly  g r ea t e r  t h a n  before  c o n d i t i o n i n g  (A). 
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Fig. 1. % awakenings from high voltage sleep at different stages 
of conditioning. A bar over the decibel level indicates a mean value, 

with the range presented in parentheses below. 
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Fig. 2. % awakenings from paradoxical sleep at different stages of 
conditioning. 
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High voltage Parafloxical (for cat 1 it was 81 db; 
Phase of slee 9 for eat 2 it was 85 db). 

Th i s  ind ica tes  t h a t  s t imul i  of i n t ens i t i e s  w h i c h  did  a rouse  
f rom h igh  vo l tage  s leep were r e l a t ive ly  inef fec t ive  in 
a rous ing  f rom pa radox i ca l  sleep. I n  o rde r  to  p roduce  a 
s ign i f i can t ly  g rea t e r  pe rcen t age  of a rousa ls  d u r i n g  p a r a -  
doxica l  sleep to m e a n i n g f u l  as c o m p a r e d  to n o n - m e a n i n g -  
ful s t imul i ,  cl ick i n t e n s i t y  h a d  to be  inc reased  to  100 db.  
I t  shou ld  be  n o t e d  t h a t  these  in tens i t i e s  a f t e r  r econd i t i on -  
ing (D) were w i t h i n  the  r ange  used before  c o n d i t i o n i n g  (A) 
a n d  a f t e r  e x t i n c t i o n  (C), so t h a t  i n t e n s i t y  a lone  was  n o t  
t he  s i gn i f i c an t  fac to r  in p roduc ing  arousals .  

F i g u r e  3 d i r ec t ly  c o m p a r e s  a rousa ls  a f t e r  c o n d i t i o n i n g  
f rom h i g h  vo l t age  a n d  pa r adox i ca l  sleep to  s t imu l i  of t h e  
s ame  i n t e n s i t y  in  o rde r  to  i l l u s t r a t e  t he  d i f ference  in  
s e n s i t i v i t y  to  a rousa l  b e t w e e n  these  s ta tes .  

I t  is conc luded  t h a t  a s s i g n m e n t  of s igni f icance  to  a 
s t imu lus  b y  pos i t ive  r e i n f o r c e m e n t  increases  i t s  effect ive-  
ness of a rous ing  f rom b o t h  h i g h  vo l t age  a n d  p a r a d o x i c a l  
sleep, b u t  t h a t  a rousa l  p r o b a b i l i t y  f rom pa radox i ca l  sleep 
is m u c h  lower t h a n  f rom h i g h  vo l t age  sleep, as is t he  case 
w i t h  n e u t r a l  a u d i t o r y  s t imul i ,  e lec t r ica l  s t i m u l a t i o n  of the  
b r a i n  s t e m  re t i cu la r  fo rma t ion ,  a n d  w i t h  s t imul i  associa ted  
w i t h  nega t i ve  r e in fo rcemen t .  The  m e c h a n i s m  of a t t e n -  
t ion,  as i n v e s t i g a t e d  b y  HERNANDEZ-PEON% m a y  h a v e  
re l evance  for u n d e r s t a n d i n g  these  da ta .  W h e n  a n  o rgan i sm 
is occupied  w i t h  p rocess ing  one fo rm of i n f o r m a t i o n ,  cor- 
t i cofuga l  a n d  re t i cu lofuga l  in f luences  m o d u l a t e  o t h e r  sen- 
sory  i n p u t s  a t  a subcor t i ca l  level  (a t  t he  level  of t he  f i r s t  
s ensory  re lay  nuc leus  or more  per iphera l ly ) .  I f  p a r a d o x i c a l  
sleep does  ref lect  a s t a t e  of i n f o r m a t i o n  processing,  as is 
sugges ted  b y  more  ac t ive  n e u r o n a l  a c t i v i t y  d u r i n g  pa ra -  
dox ica l  sleep in t he  ca t  ~,s a n d  b y  d r e a m i n g  in t he  h u m a n  t, 
t h e n  t h i s  a t t e n t i o n a l  m e c h a n i s m  m a y  a c c o u n t  for  t he  in-  
c reased  t h r e s h o l d  of a w a k e n i n g  f r o m  pa radox i ca l  sleep 
t h a n  f r o m  h i g h  vo l t age  sleep. 

T h e  fac t  t h a t  t h e  m e a n i n g f u l n e s s  of a s t i m u l u s  c an  be  
ef fec t ive  in  a rous ing  a n  a n i m a l  d u r i n g  h i g h  vo l t age  s leep 
w h e n  t h e  n e r v o u s  s y s t e m  is r e l a t i ve ly  inef f ic ien t  for  in-  
f o r m a t i o n  process ing  impl ies  t h a t  t h e r e  is, in a sense, a 
s enso ry  f i l t e r  w h i c h  se lec t ive ly  a t t e n u a t e s  i n p u t s  e x c e p t  
t hose  w h i c h  are  n o v e l  or h a v e  s ign i f i cance  for  the  an imal .  
B u t  these  inpu t s ,  t r a n s m i t t e d  to a n e r v o u s  s y s t e m  in  
h igh  vo l t age  sleep, h a v e  on ly  t he  e x p e d i e n t  e f fec t  of 
a rous ing  t he  a n i m a l ,  i.e. t h e y  ac t  as e lec t r ica l  s t i m u l a t i o n  
of t he  b r a i n  s t e m  re t i cu la r  f o r m a t i o n  to  p roduce  a n  
' a rousa l '  of h i g h e r  centers .  The  a roused  o r g a n i s m  can  t h e n  
b r ing  t he  full i n f o r m a t i o n  process ing  faci l i t ies  of these  
h ighe r  cen te r s  to  bea r  on  t he  s i t u a t i o n  9. 

Rdsumd. Chez le C h a t  6veill6 apr6s  c o n d i t i o n n e m e n t  au 
m o y e n  de clicks e t  de lai t ,  les clicks d 6 c l e n c h e n t  le r6vei l  
de man i6 re  p lus  eff icace q u ' e n  l ' absence  de cond i t ion -  
n e m e n t .  Le seuil  d '6ve i l  s ' e s t  av6r6 p lus  ba s  lors d ' u n  
sommei l  a c c o m p a g n 6  d ' ondes  l en tes  de h a u t  vo l t age  que  
p e n d a n t  Ie sommei l  pa radoxa l .  
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