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t ens ive  ac t ion  and  t h e  response  was dose re la ted.  As 
i nd i ca t ed  b y  t he  Table ,  t h e  fall  in sys tol ic  b lood pressure  
was  m o s t  m a r k e d  w i t h  i n t r a - ao r t i c  infusions .  T he  m e a n  
i n a c t i v a t i o n  of PGE1 u p o n  passage  t h r o u g h  t he  p u l m o n a r y  
vascu la r  bed  was 72% in foetuses  of ges t a t iona l  age f rom 
126 days  onwards .  This  va lue  does no t  differ  s ign i f ican t ly  
f rom t h a t  ob t a ined  in n e w b o r n  and  6 - m on t h - o l d  iambs .  
Two successful  e x p e r i m e n t s  were pe r fo rmed  in foetuses  
a t  a n  ear l ier  s tage  of ge s t a t i on  (111 a n d  113 days),  
t h a t  is pr ior  to  t he  a p p e a r a n c e  of su r face-ac t ive  m a t e r i a l  
in  lung  t i ssue  s . I n  these  animals ,  t he  lungs  were sti l l  
c apab le  of PGE~ inac t iva t ion .  However ,  t he  pe r cen t  loss 
of P G E  1 ac t i v i t y  (52 and  62%)  was in t he  low r ange  of 
va lues  o b t a i n e d  w i t h  older  foetuses,  sugges t ing  a less 
e f f ic ien t  m e c h a n i s m  of i nac t iva t ion .  More resul t s  are 
needed  to c lar i fy  t h i s  poin t .  
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Dose-response lines for PGE~ infused into the aorta (e) and the 
pulmonary artery (�9 of foetal lambs (111-142 gestation days). 
Each point applies to a single response. Calculated regression equa- 
tions are y = 18.06 logx + 13.89 (o) and y = 14.05 logx + 5.94 ((3). 

The  F igure  i l lus t ra tes  t he  dose -dependen t  r e l a t ion  for 
PGE~ g iven  b y  pre-  a n d  p o s t - p u l m o n a r y  rou tes  to  foeta l  
l ambs .  Regress ion  l ines  were ca lcu la ted  w i t h  a leas t  
squares  f i t  on  pooled d a t a  f rom all  e x p e r i m e n t s  (8 an imals ,  
see Table) .  The  2 slopes d id  no t  d e p a r t  s ign i f ican t ly  f rom 
para l le l i sm,  whereas  t he  dif ference be tween  t he  i n t e r cep t s  
was  s ign i f ican t  ( P  < 0.01). P u l m o n a r y  i n a c t i v a t i o n  calcu- 
l a ted  f rom the  regress ion equa t ions  is 73%. 

These  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  lungs  of foeta l  
l a m b s  i n a c t i v a t e  PGE~ f rom 111 days  ges t a t ion  onwards  
a n d  t h a t  t he  degree of i n a c t i v a t i o n  is t he  same w i t h  
m a t u r e  foetuses a n d  an ima l s  a f te r  b i r th .  B y  inference  
f rom work  w i t h  a d u l t  an ima l s  *, we p o s t u l a t e  t h a t  a n  
enzymic  process  is respons ib le  for t he  loss of PGEz  
ac t iv i ty .  I f  P G - d e g r a d i n g  enzymes  deve lop  s imi la r ly  in  
lungs  a n d  o the r  o rgans  (e.g. l iver),  t h e n  i t  follows t h a t  
also in foetuses  nea r  t e r m  P G E  a n d  P G F  c o m p o u n d s  
are no t  f i t t ed  to t he  role of c i rcu la t ing  h o r m o n e s L  

Rdsumd. Le p o u m o n  de l ' a g n e a n  foeta l  a la p ropr i6 t6  
d ' i n a c t i v e r  la p r o s t a g l a n d i n e  E 1 k p a r t i r  du  l l l g m e  jour  
de ges ta t ion  ( te rme:  147 jours) .  Le degr6 d ' i n a c t i v a t i o n ,  
chez le foetus  pros d 'St re  & te rme,  est  de l ' o rd re  de ce 
q u ' o n  observe  dans  le p o u m o n  du  n o u v e a u - n 6  et  de 
l ' agneau  de 6 roots. 
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R e s t - A c t i v i t y  C y c l e  a n d  S l e e p  P a t t e r n s  i n  C a p t i v e  

C o m p a r a t i v e  s tud ies  on sleep ind ica t e  t h a t  secur i ty  of 
e n v i r o n m e n t  is t h e  m a i n  fac to r  in f luenc ing  t he  a m o u n t  of 
t o t a l  sleep t i m e  (TST) a n d  in p a r t i c u l a r  the  pe rcen t age  of 
pa radox ica l  sleep (PS). ALLISON a n d  VAN TWYVER suggest  
t h a t  an ima l s  which  re s t  n o r m a l l y  u n d e r g r o u n d  or in  a den  
are  ' secure '  sleepers,  a n d  t h a t  t h e y  will sleep read i ly  u n d e r  
l a b o r a t o r y  cond i t ions  1. Th i s  p r e s en t  work  ha s  been  car r ied  
ou t  on  t he  fox, wh ich  a p a r t  f rom i ts  p r e d a t o r y  ac t i v i t y  
l ives m a i n l y  in a n  ea r th .  

Methods. Three  foxes (2 d~, 1 ?) ; c a p t u r e d  a t  the  age of 
2 mon ths ,  were k e p t  in a large cage which  c o n t a i n e d  a 
smal le r  cage se rv ing  as a den. The  a n i m a l  were fed once a 
day  (08.00 h) w i t h  can ine  food cubes  and  rece ived  w a t e r  
ad  l ib i tum.  W h e n  t h e y  were 1 yea r  old, t he i r  24-h a c t i v i t y  

Foxes (Vnlt, es vutpes) 

cycle was recorded  on  a k y m o g r a p h i c  a p p a r a t u s  f rom 
t r a n s d u c e r s  p laced  u n d e r  t he  s u p p o r t  of t he  cage. The  
ECoG a c t i v i t y  was n e x t  o b t a i n e d  f rom 3 pa i rs  of s i lvered 
screws inse r t ed  u n d e r  p e n t o b a r b i t o n e  anaes the s i a  (30 mg /  
kg) over  t h e  f ronta l ,  pa r i e t a l  and  occ ip i ta l  co r t ex  a t  2 cm 
on e i the r  side of t h e  s ag i t t a l  su ture .  E lec t rodes  were  
i n se r t ed  i n to  t h e  neck  muscles  for  e l e c t r o m y o g r a p h y .  
2 screws f ixed on  t he  f i f th  r ib  on each  side enab led  re- 
cord ing  of h e a r t  r a t e  a n d  b y  i m p e d a n c e  changes  t h e  
r e s p i r a t o r y  m o v e m e n t s .  A p o l y g r a p h  (Reeds  V I I I  Tr. 
Alvar)  was used to o b t a i n  a c o n t i n u o u s  record  d u r i n g  a 
week  f rom the  t i m e  a f te r  t he  surgical  procedure .  The  f i rs t  

1 TR. ALLISON and H. VAX TWYV~R, Exp1 Nenrol. 27, 564 (1970). 

Sleep pattern characteristics and cardio-respiratory rates (mean value ~: SE) in the fox 

Awake Drowsiness Slow wave sleep Paradoxical sleep 

Mean percentage per day 38.9 20.3 30.8 10.0 
Individual ~ Length (rain) -- 4.9 • 0.36 8.9 -t- 0.73 5.1 -t= 0.42 
periods ~ Number (per day) -- 59 + 12 45 -i- Ii 28 :l: 5 

Heart rate (min) (n -- 10) 101.7 i 3.3 77.2 ~ 0.6 77.7 i 1.0 92.0 ~= 1.7 
Respiration rate 30 see (n = 10) 12.9 • 0.67 10.4 J= 0.40 9.9 4- 0.35 10.5 i 0.48 
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2 days of recording were not  included in the  analysis of 
sleep. 

Results. The ac togram showed 2 phases of ac t iv i ty  : one, 
the  longest, be tween 20.00 h and 01.00 h, another  be tween  
07.00 h and 08.00 h. Despi te  the  fact  t h a t  food was 
supplied each morning,  ingest ion was res t r ic ted to the  
evening during the main  period of act ivi ty .  

Figure  1 shows the  polygraphic  correlates of awake and 
sleep states. Dur ing wakefulness, typ ica l  low vol tage 
(10-50 ~zV) and high f requency (30-40 c/sec) ac t iv i ty  
were recorded f rom all leads. Short  spindles (6-8 c/sec) 
were occasionally seen at  the  par ie ta l  level. Muscular tone 
was high and respi ra tory  sinus a r rhy thmia  was observed 
on the  electrocardiogram. Drowsiness, which occurred for 
periods of 2-12 min, was character ized by  spindle bursts  
a l te rna t ing  wi th  low vol tage fast act ivi ty ,  by  slower 
hear t  and respi ra tory  rates and by  decreased muscular  
tone. Dur ing  sleep (41% per  day) slow waves  (3-6 c/sec) 
were superimposed .on a low-vol tage background,  respira- 
tory  sinus a r rhy thmia  was more pronounced and muscu-  

Wakefulness Drowsiness 

8low wave sleep 

, , . , . . , ~ ~ ~  
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r 

Fig. 1. Waking and sleep states in the fox. 1, electrocardiogram; 2, 3 
and 4, frontal, parietal and occipital electrocorticograms; 5, neck 
eleetromyogram. Time and calibration: I see and 100 txV. Note sinus 
arrhythmia during paradoxical sleep, 
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Fig. 2. Waking and sleep act iv i ty in 1 fox during a period of 24-h. 
The dotted area indicates the period of mot i l i ty  which, at 20.i0 h, 
follows the main sleep period. Several periods of wakefulness are not 
accompanied by movement. 

lar tone  was reduced to its lowest  level or was at  t imes  
absent. In  the  la t te r  case PS  was only recognizable by 
the  onset  of cort ical  desynchronizat ion,  wi th  the  appear-  
ance of bursts  of alpha-like (10-12 c/sec) ac t iv i ty  of high 
ampl i tude  (150 vV). The  Table  shows t h a t  hear t  ra te  
was increased dur ing PS  bu t  respirat ion ra te  was un- 
changed inspire of t rans ient  inspira tory pauses (10 sec 
instead of 6 be tween  each breath)  and compensa tory  
acceleration. The  percentage of each day  spent  in SWS 
was approx imate ly  30 and in PS  10, the  rat io of P S / T S T  
be ing  1:4 (or expressed as a percentage:  24.5). 

Figure  2 shows tha t  sleep chiefly occurred during the  
day- t ime and t h a t  the  major  sleep per iod was in the  
af ternoon between 16.00 h and 20.00 h. The  dura t ion  of 
the sleep periods (12 to 15 per  day) was 48.5 min and 
var ied  f rom 14 to !06 rain. The  mean  length  of sleep 
cycles, i.e. to ta l  length  of t ime  between 2 successive PS  
periods was 15.6 min  and the  mean  dura t ion  of a single PS  
was 5.1 min  like in the labora tory  cat  2 

Discussion. Although food was avai lable  in the  morning,  
ingestion behaviour  was observed main ly  in the  evening 
indicat ing t h a t  cap t iv i ty  had not  great ly  modif ied the  
na tura l  res t -ac t iv i ty  cycle of these foxes. The fact  t h a t  
respira tory sinus a r rhy thmia  did not  disappear  during PS  
does not  suppor t  the  hypothesis  of an increase in sympa-  
the t ic  ac t iv i ty  during PS  ~. 

The  large a m o u n t  of T S T  and the  high percentage of PS  
suggest t ha t  the  foxes were well adapted  to thei r  res t ra ined 
envi ronment .  I t  is possible also t h a t  drowsiness is increa- 
sed, as is the case in s tabled animals,  where t ime spent  
in search for food is e l iminated  4. The  mean  dura t ion  of 
sleep periods is app rox ima te ly  equal  to t h a t  for o ther  
carnivores of similar body-weight ,  for example  the  cat  
(25 rain), and is in accordance wi th  the  hypothesis  5 tha t  
differences in length of sleep epochs m a y  be due to meta-  
bolic rates.  The a m o u n t  of PS  to TST,  which does not  
differ s ignif icant ly f rom t h a t  of the  ra t  and rabbi t  
(20~o), the  hamster  and squirrel  (23-25%), is in agree- 
men t  wi th  the  a rgument  of VAN TWYVER 6 who states  t ha t  
the  percentages  are near ly  equal  for p reda tor  and prey. 
This  would cast  some doub t  on the  belief t h a t  predators  
necessarily indulge in more PS  t h a n  non-predators .  

No t  only the  to ta l  amoun t  of PS  should be compared  
between species bu t  also the  d is t r ibut ion  of sleep and 
ac t iv i ty  th roughou t  the  day. A comparison between 
hypnograms  for the  fox and the  rabbi t  shows t h a t  the  
main  periods of wakefulness correspond. This  is expected 
since in na tu re  a p reda tory-prey  relat ionship exists 
be tween the  two  species. 

Rdsumd. Etude  du ry thme  d 'ac t iv i t6  et de l ' a l te rnance  
vei l le-sommeil  de trois renards 61ev~s apr~s sevrage 
pendan t  un an dans une cage spacieuse munie  d ' un  refuge. 
La dur6e de sommeil  est comparab le  5. celle des carnivores.  
Une longue p6riode de sommeil  (diurne) pr6cgde une phase 
hyperac t ive  (nocturne) de l 'animal .  

A. DALLAIRE 7 and Y. RUCKEBUSCH 

Laboratoire de Physiologic, Ecole Natio~cale Vdtdrinaire, 
23, chemi~r des Capelles, F-31075 Toulouse Cddex (Prance), 
5 Ju ly  z973. 

M. B. STERMAN, P. T. KNAUSS, B. A. LEHMAN and C. C. CLE~E~TE, 
Eleetroelleeph. din. Neurophysiol. 79, 509 (1965). 

8 W. BAUS~" and 13. BOHI~ERT, Expl Brain Res. 7, 169 (1969). 
Y. RUCKEBUSCH, Anita. Behav. 20, 637 (1972). 

5 T. WEISS and E. ROLDAN, Experientia 20, 280 (1964). 
H. VAN TWYVER, Physiol. Behav. 4, 901 (1969). 

7 Supported by grant No. 110-2 D-115 from the Medical Research 
Council of Canada to A. DALLAIRE, 


