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p l u p a r t  des c a s q u e  l'61@vation de la s6cr6t ion en  hexos-  
amines  gas t r iques  se p r o d u i t  apr@s in j ec t i on  i.v. des 
zones 7 e t  s u n  degr@ m o i n d r e  des zones 8 (Figure  1). 
Ces zones c o r r e s p o n d e n t  ~ u n  poids  mol~cula i re  de l ' o rd re  
de 4 5, 5000 (Figure 2). D a n s  la p l u p a r t  des cas la zone 9 
es t  inac t ive .  De mfime, les zones 1, 4, 5 e t  6 n ' o n t  pas  
d ' i n f luence  sur  la  s@cr6tion basale .  Nous  avons  pu  obse rve r  
une  d i m i n u t i o n  de la s6c r f t ion  basa le  en  h e x o s a m i n e s  
apr@s a d m i n i s t r a t i o n  des zones 3. L a  zone 2 p r o v o q u e  
aussi  une  d i m i n u t i o n  par t ie l le .  Le f ac t eu r  p r6sen t  dans  
ces zones est  r e sponsab le  de ce t te  d iminu t ion ,  p r6sen te  u n  
poids  mol@culaire de l ' o rd re  de 35 000. D'apr@s la courbe  
d ' a b s o r p t i o n  U.V. qui  p r6sen te  u n  m a x i m u m  ~ 280 n m  
e t  la r6ac t ion  pos i t ive  avec  le r6act i f  du  Biure t ,  ce f ac t eu r  
es t  v r a i s e m b l a b l e m e n t  de n a t u r e  prot6 ique .  

L a  reproduct ibi l i t@ de l 'activit@ muc ic r in ique  d a n s  les 
zones  7 ou 6 v e n t u e l l e m e n t  8 nous  p e r m e t  de supposer  
qu  e nous  a v o n s  concen t r6  la muc ic r ine  dans  ce t t e  zone. 
Les d6calages  observ6s  dans  tes essais No. 3 e t  4, p e u v e n t  
s ' exp l ique r  p a r  les e r reurs  de c o m p t a g e  des t u b e s  dues  
u n  f r a c t i o n n e m e n t  d6 fec tueux  du  f r a c t i o n n e u r  uti l is6 e t  
p a r  les v a r i a t i o n s  de d6b i t  dues  au  t a s s e m e n t  du  gel dans  
la  co lonne  apr~s une  ce r t a ine  p6riode d 'u t i l i s a t ion .  

Aprgs a d m i n i s t r a t i o n  des zones 2 e t  3 nous  avons  
observ6  la d i m i n u t i o n  de la s6cr6tion basa le  d ' h 6 x o s a m i n e s  
gas t r iques  es t  e s sen t i e l l emen t  plus  fa ible  que la s6cr6t ion 
basale .  I1 ne  s ' ag i t  pas  d ' u n e  s imple  i n a c t i v a t i o n  de la 
mucicr ine ,  parce  que  la muc ic r ine  n ' e s t  pas  p r6sen te  dans  
ce t t e  zone. I1 es t  possible  d ' e x p e c t e r  que  ce p h 4 n o m 6 n e  
soft  p r o d u i t  p a r  u n  f ac t eu r  sp@cifique. Nous  avons  choisi  
le t e r m e  de la muc imi t i g ine  p o u r  d6signer  le f ac t eu r  de la 
m u q u e u s e  du  t u b e  digest i f  capab le  de d i m i n u e r  la s@cr6- 
t i on  basa te  des h6xosamines  gas t r iques  e t  n ' i n f l u e n c a n t  
p a s t a  press ion  art6rielle.  La  pr6sence de la muc imi t i g ine  
es t  observ@e darts 7 cas apr@s in jec t ion  dans  la zone 3, 
les t ro is  cas r e s t a n t  p r 6 s e n t e n t  u n  d6calage vers  les zones 
voisines.  Le poids  mol6culai re  de la m u c i m i t i g i n e  est  
d ' e n v i r o n  7 k 8 fois sup@rieur k celui de la mucicr ine .  Les 
d e u x  m 6 t h o d e s  uti l is4es c o n c o r d e n t  ~ m o n t r e r  la n a t u r e  
p ro t6 ique  de ce fac teur .  

I1 es t  i n t 6 r e s s a n t  de n o t e r  q u ' o n  p e u t  t r o u v e r  deux  
ac t iv i t6s  sym6t r iques ,  mais  avec  l ' in f luence  b io logique  
inverse ,  apr~s s6pa ra t ion  p a r  f i l t r a t ion  sur  gel de S4phadex  
d ' u n  e x t r a i t  de la m6me  m u q u e u s e  duod6nale ,  ce t  e x t r a i t  
ne  m a n i f e s t a n t  a v a n t  s @ a r a t i o n  q u ' u n e  seule de ces deux  
aet iv i t6s .  
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Summary. U n d e r  t h e  p o s t u l a t e d  ex is tence  of a m e c h a n i s m  regu la t ing  t he  N R E M  sleep - R E M  sleep sequence  and  a 
rese t  of th i s  m e c h a n i s m  b y  long awakenings ,  the  v a r i a b i l i t y  of sleep cycle in t he  r a t  was  s tudied .  A w a k e n i n g s  of va r ious  
d u r a t i o n s  were  inc luded  in t he  def in i t ion  of sleep cycle boundar ies .  Resu l t s  show t h a t  a n  i n t e r v e n i n g  a w a k e n i n g  of 
i ra in  is close to  t h e  l im i t  u n d e r  wh ich  t h e  same cycle seems to  be r e sumed  a f t e r  t h e  a w a k e n i n g  and  above  wh ich  t h e  
p rev ious  cycle is a b o r t i v e  and  a new cycle will  s t a r t  a f t e r  t h e  n e x t  sleep onset .  

One of t h e  m o s t  sa l i en t  fea tu res  of m a m m a l i a n  sleep is 
i ts  o rgan iza t ion ,  t h a t  is t he  regu la r  a l t e r n a t i o n  of non -  
r ap id  eye m o v e m e n t s  (NREM) a n d  rap id  eye m o v e m e n t s  
(RE3/[) sleep. The  fo rmer  is m a i n l y  cha rac t e r i zed  b y  slow 
waves  a n d  spindles  on  t he  e l e c t r oencepha l og r am  (EEG),  
a low b u t  n o t  abo l i shed  muscle  t one  a n d  t h e  absence  of 
r ap id  eye m o v e m e n t s .  The  l a t t e r  is recognized b y  a n  E E G  
of low vo l t age  f a s t  ac t iv i ty ,  t h e  occur rence  of b u r s t s  of 
r ap id  eye m o v e m e n t s ,  an  abo l i t ion  of basa l  muscle  t one  
a n d  phas ic  m u s c u l a r  d ischarges  recorded  in t he  neck  
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Definition of sleep cycIe length. REM: REM sleep; NREM: NREM 
sleep; W: waking. Notice that, ill this example, the 1st waking phase 
(left) is 4 epochs long, the 2nd (middle) 3 epochs long and the last 
one (right) 1 epoch long. Under definition 1, sleep cyeles may contain 
waking phases and no more than 1 epoch; under definition 2, they 
may contain waking phases of no more than 3 consecutive epochs, 
and under definition 3, they contain M1 sleep epochs between the end 
of 2 consecutive REM phases. Waking phases are not included in 
sleep cycles duration. Thus, this sleep cylcle lasts 12 epochs (4 min), 
15 epochs (5 rain) and 17 epochs (5 min 40 sec) under definition 1, 2 
and 3 respectively. 

muscles.  The  a l t e r n a t i o n  of these  two  k inds  of sleep 
allows one to  isola te  sleep cycles, n o t  w i t h o u t  a m b i g u i t y  
however .  Fo r  some au thors ,  a cycle is compr ized  be tween  
t h e  b e g i n n i n g  of a R E M  phase  a n d  t he  b e g i n n i n g  of t he  
n e x t  one, whereas  for o the r s  i t  e x t e n d s  b e t w e e n  t he  end  
of two  consecu t ive  R E M  phases .  The  presence  of wak ing  
cons t i t u t e s  a n o t h e r  diff icul ty .  I t  m a y  be  asked  up  to  
w h a t  e x t e n t  an  i n t e r v e n i n g  a w a k e n i n g  inf luences  t he  
N R E M  s l eep -REM sleep sequence.  A response  to  th i s  
ques t ion  m i g h t  al low one to  d e t e r m i n e  if w a k i n g  episodes 
m u s t  be  inc luded  in t he  de f in i t ion  of sleep cycles b o u n d -  
aries, a n d  up  to w h a t  du ra t i on .  

I t  seems r easonab le  to  h y p o t h e t i z e  t he  ex is tence  of 
some k ind  of biological  and  p r o b a b l y  s l e ep -dependen t  
clock r egu la t i ng  sleep cycles, a n d  more  specif ical ly  de-  
t e r m i n i n g  t he  a m o u n t  of N R E M  sleep necessa ry  before  
t h e  a p p e a r a n c e  of R E M  sleep. A v e r y  sho r t  a w a k e n i n g  is 
n o t  l ikely to rese t  t h i s  m e c h a n i s m ;  on  t he  con t r a ry ,  i t  is 
h a r d  to  be l ieve  t h a t  a sleep cycle can  r e sume  a f t e r  a v e r y  
long awaken ing .  I t  follows t h a t  b e t w e e n  these  two ex- 
t remes ,  t he re  m u s t  be  some cr i t ica l  va lue  of a w a k e n i n g  
d u r a t i o n  be low wh ich  t h e  sleep cycle clock is n o t  rese t  
and  above  wh ich  t he  c o u n t i n g  is rese t  to  0. I t  h a s  b e e n  
shown  in m a n  t h a t ,  w h e n  a cycle con t a in s  wak ing ,  i ts  
N R E M  p a r t  is l e n g t h e n e d  (BREZlNOVA1). 

1 V. BREZINOVA, Electroenceph. clin. Neurophysiol. 36, 275 (1974). 
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Statistics of sleep cycle duration in 5 rats according to various de- 
finitions of the cycle (see text, under Methods) 

Definition of X :~ S, CV% Range of Range of 
sleep cycle (min) individual individual CV% 

means 

Day 0 1.39• 0.23 17 1.10- 1.71 57- 75 
1 4.27 • 0.71 17 3.49- 5.40 64- 83 
2 6.76 ~ 0.58 9 5.78- 7.22 61- 81 
3 8.57 • 1.25 15 7.2 -10.6 71- 87 

Night 0 1.30 :k 0.33 25 0.83- 1.72 40- 69 
1 4.12 ~ 1.00 24 3.27- 5.49 63- 83 

2 6.91 + 1.81 26 4.97- 9.82 57- 67 
3 12.84 xL 5.97 46 8.97-23.23 62-101 

0. REM phase only; 1. NREM-REM cycle containing no waking 
phases longer than 1 epoch (20 see); 2. NREM-REM.cylce containing 
no waking phases longer than 3 epochs (1 rain); 3. NREM-REM 
cycle counted from the end of the preceding REM phase. Values 
indicated in the 1st column are interindividual means and standard 
deviation, calculated using the 5 individual means. N = 231 and 
194 for day and night respectively. CV% = S~/~( �9 100. 

I n  order  to  a p p r o a c h  th i s  p rob lem,  i t  seemed appro-  
p r i a t e  to  s t u d y  t h e  va r i ab i l i t y  of sleep cycle in the  ra t ,  b y  
inc lud ing  or n o t  in i t s  def in i t ion  a w a k e n i n g  episodes of 
va r ious  dura t ions .  

Methods .  5 male  a lb ino  wis t a r  rats ,  we igh t ing  a b o u t  
300 g, were  used. T h e y  were ch ron ica l ly  i m p l a n t e d  w i t h  
4 cor t ica l  e lec t rodes  (2 b ipo la r  leads), 2 per iocu la r  elec- 
t rodes  a n d  2 e lectrodes  in  neck  muscles.  F o r  su rge ry  t h e y  
were p r e t r e a t e d  w i t h  a t rop ine  and  a n a e s t h e t i z e d  b y  pen to -  
b a r b i t a l  (55 mg/kg) .  Af te r  surgery,  t h e y  were p laced  in 
t h e i r  record ing  cages and  al lowed 5 days  for  recovery .  
T h e y  were t h e n  connec t ed  to t he  E E G  m a c h i n e  b y  m e a n s  
of wires  a n d  r o t a t i n g  connector ,  and  lef t  7 f u r t h e r  days  
for h a b i t u a t i o n  u n d e r  a 12/12 l i g h t - d a r k  schedule,  w i t h  
i nd i r ec t  a n d  a t t e n u a t e d  l igh t  t u r n e d  on  a t  07.00 h. The  
an ima l s  h a d  free access to  food a n d  water .  T h e y  were t h e n  
c o n t i n u o u s l y  r ecorded  for  24 h a t  slow p a p e r  speed (2 m m /  
see). T h e  c a r b o n  wr i t i ng  s y s t e m  of t h e  E E G  m a c h i n e  
(Schwar tzer )  a l l o w s  an  easy  recogn i t ion  of sleep s tages  
inspi re  of th i s  slow speed.  

Record ings  were v i sua l ly  scored b y  20 sec epochs,  w i t h  
t h e  usua l  c r i te r ia  for r ecogn i t ion  of waking,  N R E M  
sleep, i n t e r m e d i a t e  sleep (counted  t h e r e a f t e r  w i t h  N R E M  
sleep) a n d  R E M  sleep. 

Fo r  reasons  g iven  in t he  discussion,  we chose to def ine 
t he  end  of a sleep cycle b y  t h e  end  of a I~EM phase.  Thus ,  
a sleep cycle begins  w i t h  N R E M  sleep a n d  ends  w i t h  R E M  
sleep. W a k i n g  episodes  are  n o t  coun t ed  in t he  sleep cycle 
d u r a t i o n  b u t  are  used to  def ine t h e  onse t  of t h e  cycle 
(Figure).  The  f i rs t  epoch  of t he  cycle is t he  epoch of 
NtZEM sleep fol lowing:  1. 2 or more  consecu t ive  epochs  
of wak ing ;  2. 4 or more  consecu t ive  epochs  of w ak ing ;  
3. t h e  l a s t  R E M  phase.  I t  follows t h a t  in def in i t ion  1, t he  
cycle m a y  c o n t a i n  1 or severa l  w~king  phases  of a max i -  
m u m  d u r a t i o n  of 1 epoch  (20 sec) ; in  def in i t ion  2, i t  m a y  
c o n t a i n  1 or severa l  w a k i n g  phases  of a m a x i m u m  dura-  
t ion  of 3 epochs ;  in  def in i t ion  3, i t  m a y  c o n t a i n  wak ing  
phases  of a n y  n u m b e r  of epochs  a n d  the re fo re  con ta ins  all  
N R E M  sleep epochs  be t w een  t h e  end  of 2 R E M  phases.  

Resul ts  and  discussion.  The  r ange  of i n d i v i d u a l  Sx/-~ �9 
100 (CV%) of cycle l eng th ,  ca lcu la ted  accord ing  to t he  
d i f ferent  def in i t ions  of sleep cycle, is g iven  in t he  Table.  

I n  a l m o s t  all  an imals ,  C V %  are lower w h e n  cycles are 
ca lcu la ted  u n d e r  de f in i t ion  2 t h a n  u n d e r  def in i t ion  1 a n d  
3. F u r t h e r m o r e ,  t he  i n t e l i n d i v i d u a l  C V %  ( l s t  co lumn)  
du r ing  t he  d a y  is lower for def in i t ion  2, whereas  d u r i n g  t h e  
n i g h t  i t  is n o t  d i f fe ren t  f rom the  one ca lcu la ted  u n d e r  
def in i t ion  1. Thus ,  i t  is c lear  t h a t  c o u n t i n g  all sleep epochs  
b e t w e e n  t he  end  of 2 R E M  phases  i r respec t ive  of t he  
l e n g t h  of w a k i n g  episodes w i t h  wh ich  t h e y  are in te r -  
spersed increases  t he  v a r i a b i l i t y  of cycle length .  The  fac t  
t h a t  t he  ca lcu la t ion  of cycle length ,  accord ing  to def ini-  
t i on  2, yields t h e  smal les t  v a r i a b i l i t y  seems to ind ica te  
t h a t  a wak ing  episode s l igh t ly  longer  t h a n  1 min  is close 
to  t he  l imi t  u n d e r  wh ich  the  same cycle seems to r e sume  
a f te r  t he  a w a k e n i n g  a n d  above  which  t he  p rev ious  cycle 
is a b o r t i v e  and  a new cycle will s t a r t  a f t e r  t he  n e x t  sleep 
onset .  Thus ,  def in i t ion  2 can  be accep ted  as a r easonab le  
l imi t  for s e t t i ng  sleep cycle boundar ies .  

The  va lues  of t he  r a t  sleep cycle l eng th  g iven  in l i ter-  
a tu r e  differ  f rom one ano the r .  T h e y  are m o s t  c o m m o n l y  
g iven  for t he  i n t e rva l  be tween  2 R E M  sleep phases .  I t  is, 
however ,  n o t  a lways  s t a t e d  if wak ing  is inc luded  in t he  
c o u n t  or n o t :  11 ra in  (W'ElSS a n d  ROLI)AI~), 11.9 min  
(PELLET and  B~RAUD a), 5--10 rain  (MICHEL et  al.~), 8.5 rain 
for per iods  u n i n t e r r u p t e d  b y  wak ing  (TwYvERS), 16 ra in  
(TIMo-IAEIA e t  al.S). The  values  we h a v e  found  u n d e r  
def in i t ion  3, 8.6 and  12.8 rain,  for d a y  a n d  n i g h t  respec-  
t ively,  are cons i s t en t  w i t h  these  values,  p e r h a p s  s o m e w h a t  
low for t he  d a y  values.  

For  a n u m b e r  of reasons,  i t  is more  a p r o p r i a t e  to  beg in  
t he  c o u n t  of a cycle w i t h  N R E M  sleep and  to  end  i t  w i t h  
R E M  sleep, in  r a t  as well  as in  man .  Th i s  is especia l ly  
obv ious  in ra t ,  s ince mos t  of t he  R E M  sleep episodes are  
followed b y  wak ing  (80.9% accord ing  to TIMO-IAglA~), 
whereas  wak ing  is v e r y  ra re  be tween  N R E M  sleep a n d  
R E M  sleep. Thus ,  t h e  swi t ch  of R E M  sleep to N R E M  
sleep seems to be  fragile  as regards  sleep con t i nu i t y .  
Moreover ,  if t h e  c o u n t  of a cycle is s t a r t e d  a t  t he  f i rs t  
epoch of R E M  sleep, t he  in i t ia l  episode of N R E M  sleep 
m u s t  be  discarded,  wh ich  seems illogical, especial ly  in 
man.  F ina l ly ,  t he re  are b iochemica l  a r g u m e n t s  i n d i c a t i n g  
t h a t  t he  sequence  N R E M  s l eep -REM sleep is more  l ike ly  
to h a v e  a physio logica l  base  t h a n  t h e  reverse  ( J o u v E T : ;  
J o u v E T  and  PUJOLS). 

An  accu ra t e  cycle l eng th  m e a s u r e m e n t  is i m p o r t a n t  
f rom the  p o i n t  of v iew of in terspeci f ic  compar i sons .  
DALLAIRE e t  a12, who  m e n t i o n e d  t he  f r e q u e n t  a m b i g u i t y  
in  t he  def in i t ion  of sleep cycles, conc luded  t h a t  differ- 
ences obse rved  in m a m m a l i a n s  sleep cycle d u r a t i o n s  are 
b e t t e r  a ccoun ted  for b y  encepha l i za t ion  i ndex  t h a n  b y  
b o d y  we igh t  or me tabo l i c  ra te .  
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