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Paradoxica l  Sleep and Avoidance  Learning of S w i s s  White Mice after Early  Undernutr i t ion  
by Rais ing  in Large Litters 

I n  pu re  inbred  s t r a ins  of mice, t he re  is a good correla-  
t i on  be tween  cond i t ioned  avo idance  l ea rn ing  ab i l i ty  and  
t he  a m o u n t  of t ime  spen t  each  day  in pa r adox i ca l  sleep L 
The  bes t  learners  (e.g. D B A / 2  a n d  C57Br/cd)  h a v e  a long 
d u r a t i o n  of pa r adox i ca l  sleep, whi l s t  t he  poor  learners ,  
such  as t h e  CBA a n d  C57B1/6 s t ra ins ,  h a v e  a m u c h  
shor t e r  du ra t ion .  

If  Swiss wh i t e  mice  are sub jec ted  to ear ly  m a l n u t r i t i o n ,  
e i the r  b y  r ea r ing  t h e m  in large  l i t t e rs  or by  a l lowing t h e m  
to suckle  f rom a m a l n o u r i s h e d  fos te r -mother ,  t h e y  show 
m a r k e d  defici ts  in  cond i t i oned  avo idance  pe r fo rmance ,  
even  a f t e r  severa l  m o n t h s  of n u t r i t i o n a l  r ehab i l i t a t i on  2, a. 
i n  th i s  expe r imen t ,  we h a v e  c o m p a r e d  pa radox ica l  sleep 
p a t t e r n s  of mice reared  in smal l  or large l i t ters ,  to  t e s t  if 
t h i s  ear ly  t r e a t m e n t  also has  an  inf luence  on  pa radox ica l  
sleep. 

Materials and methods. Mouse pups  were cross-fostered 
a t  b i r t h  to  give l i t t e r s  of 5 or 20 pups  pe r  mo the r ,  in t he  
ra t io  4 males  to  1 female.  Only  males  were used for E E G  
recording.  The  mice were weaned  a t  21 days,  housed  
8 pe r  cage a n d  al lowed un l imi t ed  access to  s tock die t  
(Nafag S.A. Gossau,  Swi tzer land)  un t i l  t h e  end  of t he  
expe r imen t .  The  t e m p e r a t u r e  of t he  a n i m a l  room was 
23 • 2~ a n d  t he  l igh t  cycle was 12 h wh i t e  l ight ,  
b e g i n n i n g  a t  07.00 h, a n d  12 h darkness .  

A t  40 days  of age, 4 mice f rom each  group  were chroni -  
cal ly i m p l a n t e d  w i t h  4 cor t ica l  and  4 muscle  e lec t rodes  
us ing  t he  t e c h n i q u e  descr ibed  b y  VALATX a, Af te r  5-10 
d a y  recovery  per iod  in i nd iv idua l  glass cages, record ing  
leads were a t t a c h e d  and  t he  an ima l s  were al lowed 
10 days  to  h a b i t u a t e  to  t h e  record ing  condi t ions .  Cont in -  
uous  E E G  a n d  R M G  recordings  were t a k e n  for 4 days  
beg inn ing  a t  19.00 h. Record ings  were t a k e n  f rom 4 
an ima l s  d u r i n g  each  session b y  m e a n s  of a n  8 -channe l  
po lyg raph .  The  p a p e r  speed was 5 ram/see  and  t he  resu l t s  
classified in hMf-page  in t e rva l s  (30 sec) in to  waking,  slow 
wave  sleep a n d  pa r a dox i ca l  sleep. 

Results and discussion. At  weaning ,  t h e  m e a n  we igh t  of 
mice  reared  in large l i t t e rs  was  6.5 g a n d  t h e  m e a n  for the  
smal l  l i t t e r  mice  was 16.2 g, a we igh t  defici~ of nea r ly  
60%.  The  an ima l s  used for E E G  record ing  were chosen  
f rom a pool  of mice  w i t h  w ean i ng  weights  w i t h i n  0.5 g of 
t he  m e a n  for t h e i r  r espec t ive  groups.  At  40 days,  t he  
defici t  was  st i l l  33% w i t h  t he  large l i t t e r  mice weighing  
38.2 g a n d  t h e  smal l  l i t t e r  ones  25.2 g 

R e a r i n g  in large l i t t e r s  h a d  no  a p p a r e n t  long- las t ing  
effects on t i m e  spen t  in pa r adox i ca l  or s low-wave sleep 
as, a t  8 weeks  of age, t he  2 groups  of mice h a d  s imi la r  
p a t t e r n s  of s leeping and  w a k i n g  w i t h  no  s ign i f ican t  
differences  in  a n y  of t he  p a r a m e t e r s  m e a s u r e d  (Table).  
W e  h a v e  found  t h a t  t h e  level  of b r a in  se ro ton in  and  dop-  
a m i n e  in p rev ious ly  m a l n o u r i s h e d  mice  was  t he  same  as in  
con t ro l s  wilile t h e  n o r a d r e n M i n e  level  was  h igher  (LXATH- 
WOOD, u n p u b l i s h e d  obse rva t ion) .  However ,  whole  b r a i n  
biogenic  a m i n e  levels do no t  a lways  cor re la te  well w i t h  
sleep, a l t hough  t u r n o v e r  r a t e s  doS. 

Dur ing  t he  f i rs t  2 weeks of life y o u n g  roden t s  n o r m a l l y  
h a v e  h igh  levels of pa r adox i ca l  sleep (15-17 h pe r  d a y ) s  
I n  con t ras t ,  t h e  pups  r ea red  in large  l i t t e rs  spend  long  
per iods  each  d a y  s t rugg l ing  for  milk,  so no t  only  are t h e y  
sub jec ted  to n u t r i t i o n a l  a n d  m a t e r n a l  depr iva t ion ,  t h e y  
are also dep r ived  of pa r adox i ca l  sleep. The  c o m b i n a t i o n  
of these  ear ly  s t resses  ha s  p r o f o u n d  effects on  adu l t  
behav iour ,  a n d  t he  mice f rom large l i t t e r s  l ea rn  a con- 
d io t ioned  avo idance  response  in the  s h u t t l e - b o x  more  
s lowly t h a n  those  f rom smal l  l i t t e r s  2. 

A l t h o u g h  e x p e r i m e n t s  in  b e h a v i o u r a l  genet ics  h a v e  
shown  t h a t  s t r a ins  of mice  wh ich  lea rn  r ap id ly  in t he  
s h u t t l e - b o x  spend  more  t i m e  in pa r adox i ca l  sleep t h a n  
t he  poor  lea rners  1, t h i s  genera l  rule  does no t  a p p e a r  to  
ho ld  for e n v i r o n m e n t a l l y  i nduced  changes  in pe r fo rmance  
of Swiss whi t e  mice.  However ,  co r re la t ion  be tween  
avo idance  pe r fo rmance  a n d  pa r adox i ca l  sleep levels was 
bes t  in t he  fas t  l ea rn ing  strains~,  7, a g roup  which  does 
n o t  inc lude  Swiss wh i t e  mice. As Swiss wh i t e  mice h a v e  
r a t h e r  low levels of pa r adox i ca l  sleep, i t  is possible  t h a t  
t h e y  are so nea r  t he  base  level  t h a t  t h e y  c a n n o t  d rop  
fur ther .  In  fact ,  i t  now  seems t h a t  t he  increase  in pa ra -  
doxical  sleep d u r i n g  t he  per iod  fol lowing each  avo idance  
session is more  closely r e l a t ed  to  avo idance  ab i l i t y  t h a n  
is t h e  t o t a l  d u r a t i o n  of pa r adox i ca l  sleep each  d a y  5. A 
s t u d y  us ing  mice w i t h  h i g h  levels of pa r adox i ca l  sleep a n d  
l ea rn ing  ab i l i t y  should  resolve t h i s  ques t ion .  

Rdsumd. La  r e l a t i on  pos i t ive  en t re  la dur6e du  sommei l  
p a r a d o x a l  et  l ' app ren t i s s age  dans  u n  t e s t  d ' 6 v i t e m e n t  
condi t ionne l ,  t r ouv6e  chez que lques  souches  g6n6t ique-  
meri t  pares ,  n ' a  pas  6t6 conf i rm6e chez los souris <~White 
Swiss~> ma lnour i e s  p e n d a n t  l ' a l l a i t emen t .  
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Time (-4- S.E.N.) spent in slow wave and paradoxical sleep in Swiss white mice (%) 

Group Daytime (07.00 19.00 h) Night (19.00-07.00 h) 

Slow wave sleep Paradoxical sleep Slow wave sleep Paradoxical sleep 

5 53.2 :tZ 3.3 5.1 ! 0.43 39.3 -t= 2.8 3.0 • 0.41 
20 57.0 i 0.82 5.3 • 0.23 46.0 • 3.2 3.7 • 0.20 


