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Fig. 2. T. S. through aorta (AO), corpora eardiaca (CC) and hypo- 
cerebral ganglion (GH) showing neuroseeretory cell types (A, B) in 
the latter. • 270. 

Fig. 3. A part of Figure 2 enlarged to show the A cells (A) and axons 
(AX) filled with neuroseeretory material (arrows). • 520. 

Zusammen/assung. Neurosekre to r i sche  Zellen der  T y p e n  
A u n d  B werden  im H y p o c e r e b r a l g a n g l i o n  yon  Gryllus 
bimaeulatus beschr ieben .  Die Axone  der  A-Zel len  I i ih ren  

I am grateful to Professor S. M. H. KttATIB for providing laboratory 
facilities and critical guidance. 

das  Neurosek re t  d u r c h  die Nerv i  h y p o ce reb r i  u n d  enden  
im Corpus  ca rd iacum.  Die Gang l i en  des re i fen  M~nnchens  
e n t h a l t e n  m e h r  Neurosek re t  als die des re i fen  Weibchens .  
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A r o u s a l  as  a Cycl ic  P h e n o m e n o n  D u r i n g  Sleep and H i b e r n a t i o n  in the  H e d g e h o g  
( Er inaceus  e u r o p e a n u s  ) 

Tile l e n g t h  of t o t a l  sleep t i m e  (TST) has  been  c la imed 
to be  r e l a t ed  to t he  degree of cor t ica l  deve lopmen t ,  t h e  
more  p r i m i t i v e  tile cor tex  t he  g rea te r  t he  per iod  of T S T  1. 
I f  t h i s  is so, t he  T S T  of t he  E u r o p e a n  hedgehog  should  be  
high,  a n d  80% per  d a y  has  in  fac t  been  r epo r t ed  b y  d i rec t  
o b s e r v a t i o n  2. The  sleep cycle dura t ion ,  i.e. t h e  i n t e r v a l  
be tween  2 successive pa r adox i ca l  sleep per iods  un-  
i n t e r r u p t e d  b y  a w a k i n g  per iod  of longer  t h a n  1 rain,  has  
been  sugges ted  to be  r e l a t ed  to basic  me tabo l i c  r a t e  3, 
an ima l s  w i t h  a low r a t e  h a v i n g  a long sleep cycle. The  
hedgehog  (53.1 kCal/kg~ would  be  expec ted  to 
h a v e  a longer  sleep cycle t h a n  t he  guinea-pig,  a n  a n i m a l  
of s imi la r  b o d y  we igh t  (69 kCal/kg~ 5. For  t h e  
m a j o r i t y  of t he  year,  t i le E u r o p e a n  hedgehog  has  a b o d y  
t e m p e r a t u r e  of 34 ~ D u r i n g  winter ,  w h e n  t he  s u r r o u n d i n g  
t e m p e r a t u r e  d rops  be low 13 ~ i t  en te r s  h i b e r n a t i o n ,  a n d  
i ts  t e m p e r a t u r e  is m a i n t a i n e d  1-2~  above  t h a t  of t h e  
ex t e rna l  e n v i r o n m e n t ,  w i t h  w h i c h  i t  var ies .  

This  work  was car r ied  ou t  to  e s t ab l i sh  t h e  s leep-wakeful  
p a t t e r n  b y  E E G  t echn iques  and  to eva lua t e  t he  inf luence  
of me tabo l i c  r a t e  on  sleep cycle du ra t ion .  

Methods. 9 hedgehogs ,  c a p t u r e d  in a u t u m n ,  were 
housed  in smal l  i n d i v i d u a l  t r a n s p a r e n t  enclosures  a n d  
suppl ied  ad  l i b i t u m  w i t h  a s t a n d a r d  d ie t  of can ine  
p r e p a r e d  food. U n d e r  e the r  anae s the s i a  a pa i r  of s i lvered 
screws was pos i t ioned  on  e i the r  side of the  sag i t t a l  su tu re  
over  t he  f ron t a l  lobes for r ecord ing  ECoG. E lec t rodes  
were f ixed in t he  neck  muscle  a n d  s u b c u t a n e o u s l y  on  
e i the r  side of t he  t h o r a x  for E M G  a n d  ECG respect ive ly .  
A s t r a in -gauge  a t t a c h e d  to t he  a n i m a l ' s  b a c k  served  as a 
p n e u m o g r a p h .  B o d y  t e m p e r a t u r e  (BT) was m e a s u r e d  
f rom the rmocoup le s  p laced  w i t h i n  t he  a b d o m i n a l  cav i ty .  
A p o l y g r a p h  ( R E E G A  V I I I ,  A L V A R )  was used for  
record ings  a t  speeds of 2.5 m m / s e c  and  60 mm/sec .  

H e a r t  an d  r e s p i r a t o ry  ra tes  were co u n t ed  over  per iods  of 
12 sec an d  checked  eve ry  2 rain.  T h e  response  ( jerk 
reflex) of t h e  an i ma l s  to  an  a u d i t o r y  s t imu lus  (click) 
i nvo lved  a genera l  c o n t r a c t i o n  of t h e  orb icu lar i s  dorsi  
musc le  an d  was recorded  for all  e x p e r i m e n t a l  s i tua t ions .  
Con t inuous  record ings  for per iods  of 1 week  were m a d e  a t  
3 d i f fe ren t  BT :  in  a u t u m n  a t  B T  = 34 ~ n e x t  in  w i n t e r  
a f te r  t h e  an ima l s  h a d  s p o n t a n e o u s l y  en t e red  h i b e r n a t i o n  
a t  B T  = 13 ~ a n d  f ina l ly  the  h i b e r n a t i n g  an i ma l s  were 
p laced  in a re f r ige ra to r  r educ ing  t h e i r  B T  to 8 ~ 

Results. A t  B T  = 34~ t h e  fol lowing s t a t e s  were 
iden t i f i ed :  a le r t  wakefu lness  (AW), drowsiness  (DR),  
slow wave  (SWS) an d  p a r ad o x i ca l  sleep (PS). A n  a t t i t u d e  
of la te ra l  r e c u m b e n c y  was a s s u m e d  for t h e  las t  3 s ta tes .  
A W  was cha rac t e r i zed  b y  h i g h  vo l t age  ( >  100 ~xV) fas t  
a c t i v i t y  ( >  25 c/sec) an d  usua l ly  co r responded  to feeding 
or exp lo ra to ry  b e h a v i o u r  i t  was t h e  on ly  s t a t e  for wh ich  
the  cervical  muscu l a r  tone  was high.  D u r i n g  D R  the  
ECoG evolved  progress ive ly  an d  t h e  sp indles  (100 ~V, 40 
c/sec) occurred  s y s t ema t i ca l l y  a t  each r e s p i r a t o ry  pause  
(Figure 1). Towards  t h e  end  of th i s  pe r iod  the  occur rence  
of t h e  sp indles  was i ncons i s t en t  a n d  the i r  m o r p h o l o g y  h a d  
a l t e red  (50 vV, 16 c/sec). The  ECoG dur ing  SWS showed 
t y p i ca l  h igh  vo l t age  (100 ~xV) low f r equency  (2-4 c/sec) 
waves  w i t h  mic rowaves  super imposed .  P S  was recognized 
b y  low vo l t age  (50 I/V) h i g h  f r equency  ( >  20 c/sec) 

1 F. SNYDER, in Physiology and Pathology o[ Sleep (Ed. A. KALES; 
LippiIleott, Los Angeles 1968), p. 266. 

2 p. SUOMALAINE•, in The Nature o] Sleep (Eds. G. E. W. WOLSTEN- 
HOLME and M. O'CONNOR; Churchill, London 1961), p. 307. 
T. WEISS and E. ROLDAN, Experientia 20, 1 (1964). 

4 G. HILDWEIN and A. MALAN, Arch. Sei. Physiol. 24, 133 (1970). 
J. PELLET and G. ]31~AUD, Physiol. Behav. 2, 131 (1967). 
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Sleep pattern characteristics and card• rates in the European hedgehog at normal body temperature (34~ (mean value • SE) 

Awake Drowsiness Slow wave sleep Paradoxical sleep 

Mean percentage per day (n = 47) 

Heart rate (rain) (n = 720) 

Respiration rate (min) (n = 720) 

33 • 6 25 • 7 30 •  12 =E6 

224.7 • 16.4 217.3 • 12.5 224.2 • 5.9 204.0 • 8.6 

62.6 • 16.9 55.5 • 12.8 36.1 :L 2.3 27.1 =1= 2.7 

cor t ica l  a c t i v i t y  a n d  phas ic  ac t iv i t i es  : in i t i a l ly  i sola ted or 
g rouped  m o v e m e n t s  of t he  spines,  l a te r  m o v e m e n t s  of t h e  
hose a n d  l imbs,  m a s t i c a t o r y  m o v e m e n t s  a n d  shak ing  
of t i le whole  body.  E x t e n s i o n  of t he  t h i r d  eyel id across t he  
eyebal l  a n d  n y s t a g m u s  cons i s t en t l y  occurred.  

D u r i n g  all  four  s t a t e s  on ly  s l ight  v a r i a t i o n s  in  h e a r t  r a t e  
occurred.  This  c o n t r a s t e d  w i t h  t he  progress ive  decrease  in 
r e sp i r a to ry  r a t e  as t he  t r a n s i t i o n  be t w een  t he  s t a t e s  
occur red  (Table).  T he  je rk  ref lex was recorded  d u r i n g  all 
4 s ta tes .  I t  was p a r t i c u l a r l y  m a r k e d  d u r i n g  D R  and  was 

I DROWSINESS (Spindles) 

c ~ ~ - 4 - 4 - - ~  

2 DROWSINESS (Jerk reflex) 
i oopv  

SLOW WAVE SLEEP PARADOXICAL SLEEP too pv 

One  second  

Fig. 1. Polygraphic characteristics of drowsiness and sleep states in 
the hedgehog (E. europeanus) and responses associated with the jerk 
reflex evoked by an auditory stimulus. A) ECoG (frontal lobes); 
B) respiration; C) electrocardiogram. 1. Presence of spindles linked 
to the respiratory pause during DR. 2. Jerk reflex (O) associated 
with an auditory stimulus. K complex (~). 

ELECTROCORTICOGRAM 3 4 ~  

PS - -  AW SWS PS - - A W  ~ SWS - -  

ELECTROCORTICOGRAM 13 = C 

AROUSAL AROUSAL 

~ i i t  , 
, r  

i L t i i i , i , , ~ , , , , i ~ i i i ] i i t i i i 

M inu fes  

Fig. 2. Sleep eycIe of E. europeanus at a body temperature of 34 ~ 
and rhythmical arousals during hibernation at 13 ~ AW, wakeful- 
ness; SWS, slow wave sleep; PS, paradoxical sleep. 

a c c o m p a n i e d  b y  K complex  and  d i s a p p e a r a n c e  of sp indles  
on  the  ECoG, a p n o e a  for 3-6  sec t h e n  t a c h y p n o e a  
(360/min) for 12 sec a f te r  which  t h e  n o r m a l  r e s p i r a t o r y  
r a t e  (60/min) was  res tored.  In  b o t h  S W S  a n d  P S  t he  
t h r e s h o l d  of t he  response  was increased,  a n d  desp i te  t h e  
j e rk  ref lex t he  a n i m a l  for all  i n t e n t s  and  purposes  re- 
m a i n e d  asleep (Figure 1). T S T  was 42% w i t h  a ra t io  P S :  
T S T  of 1:3.5 or 28.6%. The  d i s t r i b u t i o n  of t he  sleep 
a n d  wakefu l  s t a t e s  showed  t he  an ima l s  to  be  po lyphas i c  
and  p r e d o m i n a n t l y  noc tu rna l .  The  sleep cycle d u r a t i o n  
was 17 • 3.7 m i n  (n = 47) a n d  t he  m e a n  d u r a t i o n  of a 
pe r iod  of SWS was 12 • 4.2 rain,  of a pe r iod  of P S  
5.03 • 2.5 min.  

E n t r a n c e  in to  h i b e r n a t i o n  a t  a n  ex t e rna l  t e m p e r a t u r e  
of 11~ was  accompan ied  b y  d i s a p p e a r a n c e  of t h e  ECoG 
and  a r educ t i on  in h e a r t  r a t e  f rom 200 to  11/min.  How-  
ever, a cyclic p h e n o m e n o n  pers is ted,  r ecur r ing  a t  i n t e rva l s  
of 18.9 • 1.1 ra in  (n = 36) and  l a s t ing  for per iods  of 
1.5 m i n  (Figure 2). E a c h  per iod  was p receded  b y  a n  
increase  in h e a r t  r a t e  to  20/min,  occurr ing  1 m i n  before  
the  cor t ica l  and  b e h a v i o u r a l  arousal .  The  ECoG t race  
r e sembled  t h a t  of AW, and  a f t e r  severa l  m a s t i c a t o r y  
m o v e m e n t s ,  t he  a n i m a l  pe r fo rmed  severa l  ' ba l l ing  up '  
m o v e m e n t s  on i tself  a c c o m p a n i e d  b y  deep insp i ra t ion .  
A t  a b o d y  t e m p e r a t u r e  of 8~ t he  arousa ls  occurred  
more  or less r a n d o m l y  a n d  only  a f t e r  i n t e rva l s  of severa l  
hours .  

Discussion. The  ECoG of t h e  4 s leep-wakeful  s t a t e s  
show severa l  dif ferences  f rom those  recorded  in o t h e r  
m a m m a l i a n  species, n o t a b l y  t he  h igh  a m p l i t u d e  waves  
du r ing  A W  and  t he  occurrence  of sp indles  l inked  to  
r e sp i ra t ion  d u r i n g  DR.  D i s a p p e a r a n c e  of muscle  tone  
du r ing  D R  a n d  t he  p a r t i c u l a r  s ens i t i v i t y  to  a u d i t o r y  
s t imul i  in  all  s t a t e s  are po in t s  of added  in te res t .  

The  d i sc repancy  b e t w e e n  these  resu l t s  a n d  t he  v i sua l  
e s t i m a t i o n  s of a T S T  of 80% m a y  be  exp la ined  b y  t he  
fac t  t h a t  th i s  species spends  long immob i l e  per iods  in t he  
wakefu l  s ta te .  A T S T  of 43% has  been  recorded  for  t he  
deser t  species Paraechius hypomelas 6, a n d  a s suming  t h a t  
b o t h  t he  a u t h o r s  concerned  inc luded  D R  in ca l cu la t ing  
TST,  t h e  p r e s e n t  f ind ing  (67%) falls b e t w e e n  t h e  two.  
The  h ighe r  sleep t i m e  recorded  for t he  E u r o p e a n  species is 
p r o b a b l y  due to the  fac t  t h a t  i t  is a h i b e r n a t o r .  I t s  ref lex 
response  to  t he  a u d i t o r y  s t imu lus  u n a c c o m p a n i e d  b y  
cor t ica l  a rousa l  d u r i n g  sleep p r o b a b l y  also resul t s  f rom 
th i s  fact .  

The  absence  of c o n t i n u o u s  ECoG dur ing  m o d e r a t e  
h y p o t h e r m i a  (13~ p r e v e n t s  t h e  record ing  of a sleep- 
wakefu l  s ta te .  Never the les s  t h e  cyclic arousals  r ecur r ing  
a t  i n t e rva l s  of 19 ra in  m a y  be  c o m p a r e d  w i t h  t he  v e r y  
shor t  awaken ings  wh ich  a lways  follow P S  a t  i n t e rva l s  of 
17 m i n  ill t h e  hedgehog  a t  n o r m a l  b o d y  t e m p e r a t u r e .  A 

6 E. S. TAUBER, F. MICHEL and H. P. ROFFWACG, Psychophysiology 
5, 201 (1968). 
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s imi la r  p h e n o m e n o n  has  a l s o  been  descr ibed  in b a t s L  
Assuming  th i s  compar i son  is just i f ied,  i t  m a y  be  conc luded  
t h a t  t he  ' a rousa l  cycle '  has  a Q10 equa l  to  1 a n d  is an  
endogenous  r h y t h m  l i t t le  inf luenced  b y  t he  e n v i r o m n e n t .  
The  absence  of a n y  r e l a t ionsh ip  b e t w e e n  t he  leveI of 
m e t a b o l i s m  a n d  these  cyclic p h e n o m e n a ,  t h e  fac t  t h a t  
t he  sleep cycle is a lmos t  iden t i ca l  w i t h  t h a t  of t he  guinea-  
pig  (16 rain), and  t he  smal l  coefficient  of v a r i a t i o n  of t h e  
cycle a t  13 ~ suggest  t h a t  t he  l e n g t h  of t he  sleep cycle is 
more  re la ted  to  t he  i ndex  of encepha l i za t i on  8 t h a n  to  
me tabo l i c  ra te .  

Rdsumd. L ' 6 t u d e  des 6 ta ts  de v ig i lance  chez le h6r isson  
(E. europeanus) g la t e m p 6 r a t u r e  cen t ra le  de 34~ et  de 
13~ m o n t r e  que la dur6e du cycle de sommei l  (17,0 • 3,7 

mn)  d u r a n t  1'6t6 est  t r6s  p roche  de celle du  cycle d '6ve i l  
(18,9 = 1,1 mn)  p e n d a n t  l 'h iver .  Cet te  analogie  est  en  
f aveur  du  carac t6re  p u r e m e n t  endog6ne  d ' u n  te l  r y t h m e .  

P. L. TOUTAIN and Y. RUCKEBUSCH 9 

Laboratoire de Physiologie, Ecole Nationale Vdtdrinaire, 
23, chemin des Capelles, F-37076 Toulouse Cede, (France), 
17 July 197d. 

v D. R. BREBBIA and E. T. PVNE, Psychophysiology 9, 122 (1972). 
8 A. DALLAIRE, P.' L. TOUTAIN and Y. RUCKEBUSCH, Physiol. 

Bebav. 13, 395 (1974). 
9 Supported by grant from the Minist~re de l'Agrieulture (DGEER). 

Artificial Lung Ventilation During Diaphragmatic 

Sect ion  of one phren ic  ne rve  increases  t he  ac t i v i t y  of 
t i le r e sp i r a to ry  centre .  Accord ing  to  DOLIVO 1, t he  reason  
for th i s  p h e n o m e n o n  is t h e  fol lowing:  w h e n  ha l f  of the  
d i a p h r a g m  is pa r a lyzed  the  r e s p i r a t o r y  vo lume  of t he  
lungs  also decreases,  a n d  in th i s  way  t he  i n h i b i t o r y  
ref lex f rom the  lungs  on  t he  r e sp i r a to ry  cen t re  d iminishes .  
Actual ly ,  ar t i f ic ia l  r e sp i r a t ion  w i t h  a c o n s t a n t  lung  vo lume  
in a r a b b i t  w i t h  an  open ches t  p r e v e n t s  t he  increase  of t he  
a c t i v i t y  of t h e  r e sp i r a t o r y  cen t re  evoked  b y  t he  sec t ion  of 
t he  ph ren ic  nerve .  Bu t ,  as shown  in t h e  p re sen t  papaer ,  a 
c o n s t a n t  ar t i f ic ia l  r e sp i r a t ion  w h e n  t h e  ches t  is i n t a c t  
( t ha t  is in  condi t ions  in  wh ich  ar t i f ic ia l  r e sp i ra t ion  is m a d e  
du r ing  r e a n i m a t i o n  in p a t i e n t s  w i t h  pa ra lys i s  of t he  
r e sp i r a to ry  muscles) does no t  p r e v e n t  t h e  increase  of t he  
a c t i v i t y  of t he  r e sp i r a t o r y  centre .  U n d e r  these  condi t ions ,  
besides  t he  ref lex f rom the  lungs,  t he  a c c u m u l a t i o n  of 
c a r b o n  dioxide  p lays  a g rea t  role in  t h e  increase  of t he  
a c t i v i t y  of t h e  r e sp i r a to ry  cen t re  evoked  b y  t he  pa ra lys i s  
of t he  d i a p h r a g m .  

Methods. The  e x p e r i m e n t s  were pe r fo rmed  on 10 adu l t  
r a b b i t s  a n e s t h e t i z e d  w i t h  30-40 m g / k g  N e m b u t a l .  Af ter  
t r a c h e o t o m y  the  r e s p i r a t o r y  f r equency  (F) a n d  • t i da l  
vo lume  (Vt) were m e a s u r e d  and  t h e n  the  an ima l s  were 
sub jec t ed  to  pass ive  v e n t i l a t i o n  in wh ich  t he  f r equency  
a n d  t h e  vo lume  of t he  r e s p i r a t o r y  p u m p  coincide w i t h  t he  
same  p a r a m e t r e s  of s p o n t a n e o u s  resp i ra t ion .  Sect ion of 
t h e  phren ic  ne rves  was pe r fo rmed  a t  a low level  in  t he  
neck,  j u s t  before  t he  ne rves  en te r  t he  thorac ic  cav i ty .  
E l e c t r o m i o g r a m s  were recorded  b y  b ipo la r  s teel-wire 
e lectrodes  aff ixed to t he  in te rcos ta l  muscles.  Blood samples  
were o b t a i n e d  f rom femora l  arteries.  Blood  p H  and  PaCO~ 
m e a s u r e m e n t s  were m a d e  in micro  Ast rup.  

Paralysis 

Results and discussion. One m i n  a f t e r  b i l a t e ra l  sec t ion  
of t he  ph ren ic  nerves,  t h e r e  is a m a r k e d  decrease  of V t 
( from 12.0 to  5.0 ml). Cor responding ly  t he  p H  decreases  
(from 7.32 • 0.04 to  7.20 • 0.03) a n d  t h e  PaCO 2 in- 
creases (from 38.0 i 3.5 to  51 ~ 8.3) (Table  I). Simul-  
t a n e o u s l y  t he  e lectr ical  a c t i v i t y  of t he  in t e rcos t a l  muscles  
increases  sha rp ly  (Figure).  To normal i ze  t he  PaCO~ a n d  
t he  EMG, one m u s t  increase  t he  vo lume  of t he  r e s p i r a t o r y  
p u m p  f rom 12.0 to  22.5 ml  (Table  I I ,  Figure) .  I f  t he  pass ive  
v e n t i l a t i o n  was no t  increased,  t he  an ima l s  d ied  in 0.5-1 h 
a f t e r  b i l a t e ra l  p h r e n i c o t o m y .  

T h u s  t he  size of t he  pass ive  v e n t i l a t i o n  wh ich  sat isf ied 
an ima l s  w i t h  i n t a c t  r e sp i r a to ry  muscles  does no t  sa t i s fy  
an ima l s  w i t h  d i a p h r a g m a t i c  paralysis .  D i a p h r a g m a t i c  
pa ra lys i s  in r a b b i t s  leads to  a decrease  of lung  compl iance ,  
a lveo la r  h y p o v e n t i l a t i o n  a n d  h y p e r c a p n i a .  T h u s  n o t  on ly  
t he  ref lex f rom the  lungs  b u t  a c c u m u l a t i o n  of c a r b o n  
dioxide  p lays  a g rea t  role in  t he  increase  of t he  a c t i v i t y  
of t he  e x t r a d i a p h r a g m a t i c  muscles  d u r i n g  d i a p h r a g m a t i c  
paralysis .  

On t he  basis  of these  obse rva t ions ,  t he  fol lowing con- 
clusions were r eached :  1. As is known,  p a t i e n t s  w i t h  
r e sp i r a to ry  pa ra lys i s  requi re  ar t i f ic ia l  v e n t i l a t i o n  wh ich  
is m u c h  g rea te r  t h a n  t he  v e n t i l a t i o n  ca lcu la ted  on  t he  

1M. DOLIVO, Helv. physiol, pharmae. Acta, 10, 366 (1952). 

Table I. The influence of bilateral phrenieotomy on the respiration in rabbits 

Tidal volume Respiratory frequency pH Pa CO 2 
(ml) (resp.'/min) (mm Hg) 

Before After Before After Before After Before After 

Mean 12.0 5.0 46.0 46.0 7.32 7.20 38.0 51.0 
SD • 2.4 =k0.5 ~15.0 ~15.0 +0.04 ~0.03 i 3.3 ~ 8.3 
p 0.001 0.5 0.001 0.001 
n ~  io 

pHa, pH arterial blood; Pa CO2, partial pressure of carbon dioxide in arterial blood; Mean, mean values; SD, standard deviations; P, sig- 
nificance of differences from values for normal animals; n, number of animals. 


