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This  was in a g r e e m e n t  w i t h  p rev ious  o b s e r v a t i o n  m a d e  in 
v ivo  12. Since record ing  a n d  s t i m u l a t i n g  e lec t rodes  can  be 
appl ied  i n d e p e n d e n t l y  to  po r t i ons  of a n e u r o n  iden t i f i ed  
microscopical ly ,  t h i n  sect ions  as used in t he  p r e s en t  exper-  
i m e n t s  are expec t ed  to  serve as exce l len t  p r e p a r a t i o n s  for 
s tud ies  on  c h e m o s e n s i t i v i t y  of t he  n e u r o n a l  m e m b r a n e  as 
well  as on  n e u r o n - n e u r o n  a n d  neuron-g i l a  i n t e r a c t i o n  in 
t h e  bra in .  

12 i-I. KAWAMURA and L. PROVINI, Brain Res. 24, 293 (1970). 
18 I thank Profs. H. MA~NE~ and K. SASAKI for valuable discussion. 

Zusammen/assung. I n  D t i n n s c h n i t t e n  v o m  K l e i n h i r n  
des Meerschweinchens  w u r d e n  in k f ins t l i chem M e d i u m  
Purk in j eze l l en  iden t i f iz ie r t  u n d  S p o n t a n e n t l a d u n g e n  der  
Zel lk6rper  regis t r ier t .  E l e k t r o p h o r e t i s c h e r  A n t r a n s p o r t  
yon  Glu tamins / iu re  zu Zel lk6rper  oder  D e n t r i t e n  r ief  
jeweils  s t a rke  E r r e g u n g  hervor .  
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Neurosecretory Cells in the Hypocerebral Ganglion of Gryllus bimaculatus de Geer 
(Orthoptera: Gryllidae) 

The  occur rence  of va r ious  t ypes  of neu rosec re to ry  
ceils (NSC) in t he  b r a i n  a n d  t he  v e n t r a l  ganglia ,  wh ich  
con t ro l  all  t h e  m a j o r  phys io logica l  even t s  in  t h e  life 
cycle of insects ,  is well  known.  The re  is no  p rev ious  
r e p o r t  of t he  presence  of neu rosec re to ry  cells in  t he  
hypoce reb ra l  gang l ion  b e y o n d  t h e  record ing  of B cells in  
Schizodactylus 1. 

The  ]3ouin-fixed pa ra f f i n  e m b e d d e d  m a t e r i a l  was  
ser ia l ly  cu t  a t  6 [zm and  s t a ined  w i t h  Chrome  H a e m a -  
toxy l in -Ph lox i l l e  (CHP),  P a r a l d e h y d e - F u c h s i n  (PF)  a n d  
H e i d e n h a i n ' s  Azan  (Azan).  

The  h y p o c e r e b r a l  gang l ion  has  2 t ypes  of neuro-  
sec re to ry  cells w h i c h  can  be  classif ied as A a n d  13 ceils on 
the  basis  of t h e i r  t i n c t o r i a l  af f in i t ies  w i t h  PF ,  C H P  a n d  
Azan  (Figures  1-3). T he  f i rs t  type ,  de s igna t ed  as 'A '  cells, 
is cha rac t e r i zed  b y  cy t op l a s m i c  inc lus ions  s t a in ing  deep 

purp le  w i t h  PF,  b lue -b lack  w i t h  C H P  and  red w i t h  Azan.  
The  f ine h o m o g e n o u s  inc lus ions  of t he  second t y p e  of 
cells, t h e  ']3' cells s t a in  green ish  w i t h  l igh t  g reen-orange  G, 
red w i t h  ph lox ine  of C H P  a n d  f a in t  b lue  w i t h  t he  an i l ine  
b lue -o range  G c o u n t e r s t a i n s  of Azan.  

E a c h  ha l f  of t h e  h y p o c e r e b r a l  gang l ion  ha s  8 to  10 A 
cells a n d  4 to 6 ]3 cells found  a long  w i t h  a large n u m b e r  of 
n e r v e  cells. The  an t e r i o r  p a r t  of t he  gang l ion  has  2 cells 
in  t he  m e d i a n  and  m i d v e n t r a l  pos i t ion ,  2 ceils in  t he  
an t e r i o r  reg ion  a n d  4 to  6 cells in  i ts  pos t e ro l a t e r a l  p a r t  
(Figure 1). The  axons  a r iz ing  f rom t h e  A cells r u n  t o w a r d s  
t he  l a te ra l  b o r d e r  of the  gangl ion  (Figure  3) f rom where  
t h e y  e n t e r  t h e  corpora  ca rd i aea  t h r o u g h  t h e  ne rv i  hypo-  
cerebr i i  (NH, F igure  1). I t  is easy  to t r ace  t he  a x o n a l  
p a t h w a y s  (AX) due  to  t he  p resence  of s t a ined  neuro-  
secre tory  m a t e r i a l  in  t h e m  wh ich  s ta ins  deep purp le  w i t h  
PF ,  r ed  w i t h  Azan  a n d  b lue -b lack  w i t h  CHP.  

The  mid -dor sa l  region of t he  a n t e r i o r  ha l f  of t h e  
h y p o c e r e b r a l  gang l ion  ha s  4 to  6 t3 ceils wh ich  s t a in  
greenish  w i t h  PF ,  red w i t h  C H P  and  f a in t  b lue  w i t h  Azan.  
The  axons  of these  cells can  be  t r aced  on ly  for  a shor t  
d i s t ance  due  to  lack of s t a in ing  colloids. 

A large a m o u n t  of neu rosec re to ry  m a t e r i a l  (NSM) has  
been  obse rved  l a t e ra l ly  in  t he  h y p o c e r e b r a l  gang l ion  of 
males  as t he  two NCC I pass  t h r o u g h  i ts  l a te ra l  marg ins ,  
whereas  t h e  a m o u n t  of N S M  is c o m p a r a t i v e l y  less in  
females  as t he  NCC. I are free a n d  h a v e  no  connec t ion  
w i t h  h y p o c e r e b r a l  gangl ion.  The  smal l  a m o u n t  of NSM, 
wh ich  is p a r t i c u l a r l y  seen before  copu la t i on  and  ovi- 
pos i t i on  in females,  is t he  p r o d u c t  of t he  neu rosec re to ry  
cells of th i s  gangl ion.  T h u s  t he  g rea t e r  a m o u n t  of N S M  
in males  is t he  p r o d u c t  of t he  neu rosec re to ry  cells of t he  
h y p o c e r e b r a l  gang l ion  as well  as t he  pa r s  in te rce rebra l i s  
of the  b ra in .  

Thus  t he  p r e sen t  work  records  for t he  f i rs t  t i m e  in 
insec ts  t he  presence  of b o t h  A a n d  ]3 cell t y p e s  and  
neu rosec re to ry  p a t h w a y s  up  to t he  n e u r o h a e m a l  o rgans  
(corpora  eardiaca) .  

Fig. 1. Diagrammatic representation of the distribution of neuro- 
secretory cells in the hypocerebral ganglion of Gryllus bimaculatus. 
A and B, neurosecretory cell types; NCCI, nervus corporis cardiaci; 
NH, nervus hypocerebrii; NOE, nervus oesophagei; NR, nervus 
reeurrentus. 1 N. KHATTA~, Bull. Soe. Zool. ft. 93, 225 (1968). 
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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) 
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