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Restricted Sleep Regime: Effects on the Occurrence of Different Sleep Phases and 
Spiking Activity in the Lateral Geniculate Nucleus 

I n  t he  cat ,  m a r k e d  sp ik ing  ac t i v i t y  (ponto-genicu la te -  
occ ip i t a l -PGO spikes) is found  in t he  e lec t roencephalo-  
g r am (EEG) ob t a ined  f rom t he  pons,  l a t e ra l  genicula te  
nuc leus  (LGN) a n d  occipi ta l  cor tex  du r ing  a n d  sho r t l y  
p receed ing  rap id  eye m o v e m e n t  (REM) sleep 1. The  n a t u r e  
of t he  r egu la to ry  m e c h a n i s m  which  cons i s t en t ly  l imi t s  
PGO spikes to  per iods of R E M  sleep is unce r t a in .  However ,  
i t  h a s  been  shown  in severa l  s tud ies  t h a t  t h e  adm i n i s t r a -  
t i o n o f  se ro ton in  an t agon i s t s  s u c h a s p - c h l o r o - p h e n y l a l a n i n e  
(PCPA),  p - c h l o r o m e t h a m p h e t a m i n e ,  reserp ine  and lyser-  
gic acid d i e t h y l a m i d e  (LSD) to ca ts  p roduces  a m a r k e d  
increase  in spike a c t i v i t y  d u r i n g  wak ing  and  s low-wave 
sleep 2-5. 

These  are t he  on ly  drugs  k n o w n  to  e leva te  t he  a m o u n t  
ot sp ik ing  ou ts ide  of t he  R E M  sleep period.  These  resul t s  
are t a k e n  as h igh ly  suggest ive  t h a t  m o n o a m i n e r g i c  
neu rons  (serotonin)  exer t  a tonic  i n h i b i t o r y  inf luence a t  
t he  b r a i n - s t e m  level  which  serves to  conf ine  PG O  waves  
to R E M  sleep. Recent ly ,  ]<ARAD~Id 6 r epo r t ed  t h a t ,  in 
t he  cat,  r educed  to t a l  sleep t i m e  affects  t he  d i s t r i b u t i o n  
of P G O  spike s increas ing  t he  pe rcen t age  of s low-wave 
sleep (SWS) occupied b y  spikes. 

The  p r e sen t  s t u d y  was u n d e r t a k e n  to  e x a m i n e  t h e  
e i tec ts  of r educed  t o t a l  sleep t i m e  upon  t he  occur rence  of 
PGO spikes d u r i n g  and  sho r t l y  p reced ing  R E M  sleep. 

Materials  and methods. F o u r  adu l t  ca ts  were p r e p a r e d  
for chronic  record ing  of sleep us ing  t he  t e c h n i q u e  descr ibed 
elsewhere 6. Af te r  r ecove ry  f rom surgery,  t he  an ima l s  were 
al lowed to a d a p t  to  the  e x p e r i m e n t a l  cond i t ions  in  t he  
course of several  days  du r ing  wh ich  no  recordings  were 
t aken .  The  ca ts  were s tud ied  u n d e r  ' a  h u m a n  sleep- 
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Mean LGN spike rates during 24, 8, 4 and 2 h of sleep recordings. 
The mean of LGN spike rates at the beginning of paradoxical sleep 
(PS b) was taken as 100%, while LGN spike rates for SWS and 
paradoxical sleep end (PS ~) are expressed as mean percent of PS b 
spikes per rain (baselines). The mean LGN spike rates during 8, 4 and 
2 h recordings are expressed as percent of baseline spikes per min. 

wakefu lness  schedule '  b y  be ing  p laced  on a t r e a d m i l l  
(1 m/min )  for 16, 20 and  22 h w i t h  t he  ba l ance  of any  24 h 
per iod  spen t  in  record ing  c h a m b e r  a n d  E E G ,  electro-  
ocu logram (EOG) and  e l e c t r o m y o g r a m  (EMG) record ings  
were t aken .  Trac ings  o b t a i n e d  f rom c o n t i n u o u s  recordings  
du r ing  8, 4 and  2 h per iod  h a v e  been  ana lyzed  and  th r ee  
categor ies  of b e h a v i o u r  were q u a n t i t a t i v e l y  e v a l u a t e d  
us ing  t h e  a l r eady  ava i l ab le  cr i ter ia  7, s. 

A m i n i m u m  of 5 consecu t ive  record ings  were conduc t ed  
in  each  cat,  and  record ings  a lways  beg in  a t  08.00 h. A 
p o l y g r a p h  recorded  t he  d a t a  con t i nuous ly  t h r o u g h o u t  
each  session a t  a p a p e r  speed of 15 ram/see.  I n  add i t i on  to  
ca lcu la ted  pe rcen tages  of each  s t a t e  in  eve ry  sleep- 
wak ing  schedule,  t he  n u m b e r  of L G N  spikes per  m i n u t e  of 
s low-wave sleep and  R E M  sleep were de t e rmined .  L G N  
spikes were v i sua l ly  ident i f ied  b y  t he i r  cha rac t e r i s t i c  
w a v e f o r m  and  h igh  a m p l i t u d e  (only those  spikes exceeding 
50 ~v were counted) .  The  spike r a t e s  were coun t ed  in t he  
fol lowing m i n u t e s :  1. I n  t he  2 m i n o r  s low-wave  sleep jus t  
p receed ing  t he  onse t  of R E M  sleep. 2. I n  t he  2nd m i n o t  a 
c lear ly deve loped  R E M  sleep period.  3. I n  t he  las t  b u t  
1 ra in  of R E M  sleep period.  

Results.  I t  is obv ious  t h a t  pa r t i a l  sleep d e p r i v a t i o n  cau-  
sed t he  r eo rgan iza t ion  of sleep s ta tes ,  leading to  m u c h  tess 
decrease  of R E M  sleep t h a n  of o the r  b e h a v i o r a l  s ta tes .  
The  p ropo r t i ona l  increase  of R E M  sleep is h igher  w h e n  
t he  sleep d e p r i v a t i o n  is longer,  wh ich  is special ly ev iden t  
w h e n  sleep was res t r i c ted  to  on ly  2 h ou t  of 24 h (Table).  
The  L G N  spike densit ies,  i.e., t h e  n u m b e r  of spikes pe r  
m i n  in s low-wave sleep a n d  R E M  sleep is shown in t he  
Figure.  I t  is obv ious  t h a t ,  in t he  cat,  L G N  spikes he ra ld  
t he  R E M  period,  bu i ld  to  an  ear ly  crescendo and  d imin-  
ish in  f r equency  before  t he  end  of t h e  R E M  period.  

Res t r i c t ed  sleep reg ime increased  t he  spike dens i ty  in 
s low-wave sleep and  R E M  sleep. However ,  R E M  spike 
dens i ty  showed l i t t l e  increase,  even  t h o u g h  t o t a l  R E M  
t i m e  was reduced.  On  t h e  o the r  h a n d ,  spike  dens i t y  was 
m a r k e d l y  increased  in S W S  o v e r s h o o t i n g  t h e  r a t e  occur-  
r ing  in t he  R E M  sleep beg inn ing .  The  change  in spike 
r a t e  of SWS dur ing  t he  r educed  t o t a l  sleep t i m e  is no t  

1 ]). C. BROOKS and E. B~zzI, Arehs ital. Biol. 101, 648 (1963). 
2 F. DELORME, J. L. FROMENT et M. JouvET, C. r. S6anc. Soe. Biol. 

167, 2347 (1966). 
F. D~LOR~ G M. J~AN~EROn et M. JouvET, C. r. S6anc. Soe. Biol. 
159, 900 (1965). 
W. STERN, P. MORGAX~ and J. BRONZI~O, Brain Res. 41,199 (1972). 

"~ D. C. BROOKS and M. D. GERSHON, NeuropharmaeoIogy 11, 499 
(1972). 

G V. KARAn~Id, Archs int. Physiol. Bioehim. 79, 219 (1970). 
7 F. DELORME, P. VIhIONT et D. JOUVET, C. r. S6anc. Soc. Biol. 758, 

2128 (1964). 
8 ~r B. STERMAN, T. ~NAWS, D. LEHI~IANN and C. D. CLEMENTE, 

Electroenceph. clin. Neurophysiol. 19, 509 (1965). 

The sleep-waking pattern of the laboratory cat during different schedules of sleep and wakefulness (Means -k S.D.) 

24 h 8:16 4:20 2:22 

Waking 35.19 i 2.03 14.88 -[- 7.35 11.31 2[_ 4.67 11.30 ~ 3.62 

SWS 78.57 • 0.65 71.46 ~_ 1.79 66.96 i 0.56 59.96 -4- 1.84 

REM sleep 21.61 ~_ 1.18 28.53 • 4.48 33.01 ~ 1.00 40.15 -b 3.96 

Waking is expressed as percent from recording time. SIow-wave and REM sleep are expressed as percents from total sleep time. 
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s imp ly  due to a genera l  increase  of spike  densi t ies  across 
t he  sleep s tates ,  s ince R E M  spike r a t e  d id  no t  change  
s igni f icant ly .  

Discussion. The  r eo r gan i za t i on  of s leep-waking  profi le  
w i th  r educed  t o t a l  sleep t i m e  was  in f avor  of R E M  sieep, 
t h u s  con f i rming  t h e  d a t a  r epo r t ed  b y  KARAD~Id 6 and  b y  
FERGUSON 9. The  effects of r educed  sleep t i m e  on  the  
occurrence  of L G N  spik ing  a p p e a r  to  be  s imi la r  to  t he  
effects of PCPA,  reserp ine  a n d  LSD.  In  cat ,  t hose  drugs  
increase  t he  n u m b e r  of L G N  spikes wh ich  occur  ou t s ide  
of R E M  sleep as well  as reduce  t he  t i m e  spen t  in  SWS 
a n d  R E M  sleep. 

The  bu i ld -up  of t he  e n d o g e n o u s  e lectr ical  a c t i v i t y  of 
LGN b r o u g h t  a b o u t  b y  pa r t i a l  sleep dep r iva t ion ,  was 
also shown  as a consequence  oI se lect ive  R E M  sleep 
d e p r i v a t i o n  ~0. I t  was s h o w n  b y  q u a n t i t a t i v e  ana lys i s  of 
L G N  spikes t h a t  R E M  d e p r i v a t i o n  leads to  h igher  dens i ty  
of L G N  spikes  d u r i n g  R E M  sleep a n d  also du r ing  S W S  
which  preceded  it. 

The  increase  in L G N  spike r a t e  in  SWS and  t he  reduc-  
t ion  in the  t o t a l  a m o u n t  of R E M  sleep t i m e  suppor t s  
t h e  v iew of DEMENT et  al. n t h a t  t h e  n m n b e r  of spikes  
to  be  d i scharged  i m p o r t a n t l y  d e t e r m i n e s  t he  a m o u n t  of 
R E M  sleep t h a t  occurs. The  resu l t s  of t he i r  ' sp ike  depr iva -  
t i on '  e x p e r i m e n t  sugges t  t h a t  the  p o s t d e p r i v a t i o n  increase  
in R E M  t i m e  m i g h t  be  r ega rded  as a response  to  t he  loss 
of sp ik ing  a c t i v i t y  a long  t he  v isuaI  s y s t e m  r a t h e r  t h a n  
to t he  loss of R E M  t i m e  pe r  se. Conversely,  t h e  occurrence  
of spikes  outs ide  of R E M  sleep per iods  could reduce  t he  
t i m e  spen t  in R E M  sleep and  reduce  or e l imina te  a R E M  

sleep r ebound .  Moreover ,  in t he  ins t ances  of r educed  
o p p o r t u n i t y  to  sleep, t he  loss of R E M  sleep is compen-  
sa t ed  for no t  on ly  b y  m a i n t a i n i n g  t he  h igher  p ropor t i on  of 
R E M  sleep s ta te ,  b u t  also b y  increas ing  t he  d i scharge  of 
sp ik ing  ac t iv i ty  in  o t h e r  sleep s ta te ,  t h u s  s u b s e r v i n g  t he  
h o m e o s t a t i c  r egu la to ry  func t ion ,  t he  role of wh ich  is sti l l  
u n k n o w n .  

Rdsumd. Chez le r a t  adu l t e  on  a 6tudi6 l 'e f fe t  de la 
r6duc t ion  de la dur6e du  sommei l  sur  la succession de ses 
d i f f6rents  s tades.  On a t r o u v 6  que  la r~duc t ion  de la dur6e 
to t a l e  du  sommei l  a v a i t  p rovoqu6  la r6o rgan i sa t ion  du  
prof i l  ve i l le -sommei l  e t  de m~me  l ' a u g m e n t a t i o n  des 
po in t e s  au n i v e a u  des n o y a u x  g6nicul6s l a t6 r aux  au  cours  
du  sommei l  p a r a d o x a l  aussi  b ien  q u ' e n  dehors  de ce s tade.  
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Interpretat ion  P r o b l e m s  of Intest inal  Iron Absorpt ion  f r o m  I.sotopically Labelled Meat*  

R e t e n t i o n  m e a s u r e m e n t s  of 59Fe or 55Fe label led  m e a t  
can  be  pe r fo rmed  r o u t i n e l y  b y  whole  b o d y  or b lood 
c o u n t i n g  t e c h n i q u e s  1, 2. However ,  i t  is less ce r t a in  w h e t h e r  
these  d a t a  will  re f lec t  t r u e  i ron up take ,  s ince  knowIedge  
on in t e s t i na l  a b s o r p t i o n  a n d  specific r a d i o a c t i v i t y  (~gFe 
or 55Fe/Fe) of t he  single i r o n - c o n t a i n i n g  m e a t  c o m p o u n d s  
is sti l l  insuff ic ient .  

Neglec t ing  po ten t i a l ,  as ye t  u n k n o w n ,  in t e r fe r ing  
factors,  t he  t o t a l  r ad io i ron  r e t e n t i o n  R and  t h e  t o t a l  food 
i ron r e t e n t i o n  F of a m e a t  sample  can  be  descr ibed  b y  
t h e  equa t i ons  

Z a i r i / A  = R alld X m i r i / M  = F, 

where  a~ s t a n d s  for t he  pa r t i a l  and  A for t he  t o t a l  radio-  
i ron ac t iv i ty ,  mi for t he  pa r t i a l  a n d  M for t he  t o t a l  i ron  

mass,  and  ri for t he  pa r t i a l  r e t e n t i o n  coeff icient  of a s ingle 
i ron -con ta in ing  c o m p o u n d  i = 1 ,2 , .  . . . .  n. I t  can  be  
shown  t h a t  the  t o t a l  i ron  r e t e n t i o n  coeff icients  R and  F 
get  equa l i zed  (R ~ F) if ~11 t h e  p a r t i a l  r e t e n t i o n  coef- 
f ic ients  become  iden t ica l :  r 1 = r 2 --  . . . . . .  rn, or if all  
t h e  i r o n - c o n t a i n i n g  c o m p o u n d s  ind ica te  the  same  specific 
r a d i o a c t i v i t y :  al/m 1 = a~/m~ . . . . . . .  a~/mn, which  
also m e a n s :  al/A ~ rex~M; aJA = mJM;  . . . . .  an/A = 
m/n/M, i.e. t h a t  t he  r e l a t ive  d i s t r i b u t i o n s  of ac t ive  and  
i n a c t i v e  i ron w i t h i n  t he  m e a t  are t he  same. 

* Presented in part at the Iron Club Meeting, Homburg/Saar, Nay 4, 
1973. 
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Iron and radioiron in various fractions of fillet from a 85 kg pig injected i.v. 5 mCi agFe 4 weeks prior to sIaughter 

Total InsolubIe Column chromatography 

I II III IV 

Total groups 

Fe ([xg/g) 13.7 2.8 1.5 

agFe (nCi/g) 20.7 2.7 2.7 

59Fe/Fe (nCi/~xg) 1.5 1.0 1.8 

Fe (%) 100 20.2 11.2 

59Fe (%) 100 12.9 13.1 

0.9 2.7 5.6 13.5 

0.9 2.7 9.4 18.4 

1.0 1.0 1.7 1.4 

6.7 19.3 40.5 97.9 

4.5 13.3 45.2 89.0 

Pork radioactivity refers to time of dosing. 


