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meri ts  a n d  f inger  f lexion (Figure  1, B). T he  h e a r t  bea t ,  
ev idenced  b y  t h e  E K G ,  was regu la r  a n d  w i t h  a f r e q u e n c y  
ot 42/sec. 

t3) D u r i n g  slow sleep. The  E E G  showed slow waves  
a n d  sp indles  s imi la r  to  those  descr ibed  in  o the r  m a m m a l s  
(Figure  2, C a n d  E). T he  E M G  a c t i v i t y  of t he  pos t e r io r  
l i m b  muscles  va r i ed  g rea t ly  acco rd ing  to  t he  env i ron-  
m e n t a l  t e m p e r a t u r e .  W h e n  i t  was be low 28~ a n  in-  
t ens ive  t r e m o r  of m a n y  muscles  0I t he  b o d y  was  observed .  
Th i s  t r e m o r  was pa r t i cu I a r l y  no t i ceab le  in  t h e  l imbs.  This  
was  t h e  r ea son  why,  a t  t e m p e r a t u r e  be low 28 ~ a h i g h  
degree  of E M G  a c t i v i t y  of t h e  f lexor  musc les  was  seen 
(Figure  2, D). W h e n  t he  e n v i r o n m e n t a l  t e m p e r a t u r e  was 
a b o v e  28 ~ t h e  t r e m o r  d i s appea red  comple t e ly  a n d  t h e r e  
was comple t e  absence  of E M G  ac t iv i ty ,  in  t h e  f lexor  
d i g i t o r u m  (Figure  2, F). T he  E M G  a c t i v i t y  of t h e  neck  
musc les  d id  no t  show s ign i f i can t  v a r i a t i o n s  in  r e l a t i on  to  
t h e  t e m p e r a t u r e .  

C) D u r i n g  R E M  sleep. T he  E E G  showed an  a c t i v i t y  
v e r y  s imi la r  to  t h a t  obse rved  d u r i n g  wakefu lness  (Figure  
3, G). The  E M G  of t h e  f lexor  d i g i t o r u m  did  no t  show 
d i f fe ren t  p a t t e r n s ,  in  r e l a t i on  to  t h e  e n v i r o n m e n t a l  t e m -  
pe ra tu re .  13oth a b o v e  a n d  be low 28 ~ t h e r e  was  comple t e  
absence  of E M G  a c t i v i t y  (Figure  3, H and  J).  T he  E M G  
a c t i v i t y  of t h e  neck  musc les  was  s imi la r  to  t h a t  of s low 
sleep. No t r e m o r  was  obse rved  d u r i n g  t h i s  phase .  Only  
t h e  classic m u s c u l a r  tw i t ches  a l r eady  descr ibed  in m a m -  
ma l s  were seen. 

Discussion. F r o m  t h e  a b o v e  m e n t i o n e d  resul ts ,  we can  
conc lude  t h a t  t h e  E M G  a c t i v i t y  of t he  f lexor  muscles  of 

t h e  h i n d  l imbs  is e x t r e m e l y  useful,  be low 28~ for t h e  
d iagnos is  or R E M  sleep, since t h e  d i s a p p e a r a n c e  of t h e  
E M G  a c t i v i t y  is a n  unequ ivoca l  sign. The  E M G  a c t i v i t y  
or t he  neck  muscles  is obv ious ly  n o t  useful.  I t  is v e r y  
p r o b a b l e  t h a t  t he  exp lo r a t i on  of o t h e r  m u s c u l a r  g roups  
will also revea l  equa l ly  useful  signs. All  t h e  above  resul ts ,  
i nc lud ing  t he  cr i t ica l  t e m p e r a t u r e  of 28 ~ for t he  dis- 
a p p e a r a n c e  of t h e  t r emor ,  are  c o m p a r a b l e  to  those  found  
b y  AFFANNI et  al. 1 in  t h e  smal l  e d e n t a t e  Chaetophractus 
villosus. 

Rdsumd. Les au t eu r s  m e t t e n t  en  6vidence  l ' ex i s t ence  
d ' u n  sommei l  R . E . M  chez le Priodonles giganteus, le p lus  
g r a n d  T a t o u  a c t u e l l e m e n t  v i v a n t .  A une  t e m p 6 r a t u r e  
a m b i a n t e  inf6r ieure  ~ 28 ~ on  obse rve  u n  t r e m b t e m e n t  
i n t ense  au  t o u r s  du sommei l  lent ,  qui  d i spa ra t t  complSte-  
m e n t  lors du  sommei l  1R.E.M. 

J .  M. AFFANNI, ]~. LISOGORSKY a n d  
A. ~{. SCARAVILLI 

Laboratory o/ Animal  Physiology, Facultad de 
Ciencias Exactas y Naturales, U.B.A. ,  
Ciudad Universitaria, Pabellon II, Piso d, 
Buenos Aires (Argentina), 77 January 7972. 

1 j .M.  AFFANNI, L. GARClA SAMARTINO and E. ~{ORITA, Revta Soc. 
argent. Biol. 44, 189 (1968). 

Induction of Ingestive Responses by cAMP Applied into the Rat Hypothalamus 

I t  is v e r y  l ikely adenos ine-3 ' ,  5 ' m o n o p h o s p h a t e  (cAMP) 
is an  i m p o r t a n t  f ac to r  in  n e r v o u s  s y s t e m  f u n c t i o n  i. Re-  
c e n t l y  i t  h a s  been  r e p o r t e d  t h a t  d i b u t y r y l - c A M P  (Db- 
cAMP) in jec ted  a t  h i g h  doses in to  some cerebra l  a reas  of 
severa l  a n i m a l  species2, 3 m a y  induce  ove r t  b e h a v i o r a l  
effects. I n  acu te  e x p e r i m e n t s  ~ D b - c A M P  p roduced  on  
r a t s  m o t o r  h y p e r a c t i v i t y ,  c a t a t o n y  a n d  convuls ions ,  
wh i l s t  in  chron ic  e x p e r i m e n t s  8 h y p e r p h a g i a ,  h y p e r t h e r m i a  
a n d  p r o l o n g a t i o n  of t h e  oes t ra l  cycle. 

Th i s  no t e  r epo r t s  t h e  resu l t s  o b t a i n e d  w i t h  s t e reo tax ic  
m i c r o a p p l i c a t i o n s  of D b - c A M P  in to  some areas  of r a t  
d i encepha lon ,  where  Ace ty lcho l ine  a n d  N o r - e p i n e p h r i n e  
are k n o w n  to  m o d i f y  feeding behav iour*-9 .  

Materials and methods. A d o u b l e - c a n n u l a  was  im-  
p l a n t e d  s t e r eo t ac t i ca l l y  in to  t h e  b r a i n  of 23 ma le  W i s t a r  
r a t s  (230-260 g of b o d y  weight )  b y  t he  m e t h o d  descr ibed  
b y  GROSSMAN s. The  s i tes  i m p l a n t e d  (Figure  1) were t h e  
l a te ra l  h y p o t h a l a m i c  a rea  (LHA),  t he  v e n t r o m e d i a l  
h y p o t h a l a m u s  (VMH) and  t h e  r e t i cu la r  f o r m a t i o n  (RF),  
fo l lowing t h e  s t e reo tax ic  coord ina tes  of D ~  G~ooT ' s  a t l a s  10. 

Af te r  i m p l a n t a t i o n ,  t h e  r a t s  were housed  i n d i v i d u a l l y  
in  a t e m p e r a t u r e ,  h u m i d i t y  a n d  l i gh t ing  con t ro l l ed  room,  
a n d  h a d  food a n d  w a t e r  ad  l i b i t um.  One  week  later ,  w h e n  
t he  r a t s  h a d  r ega ined  t h e i r  p r e o p e r a t i v e  weight ,  t he  i n n e r  
c a n n u l a  was r emoved ,  w a s h e d  in e thanol ,  d r i ed  a n d  
rep laced  w i t h o u t  a n y  s u b s t a n c e  a d d e d  in to  it. T he  r a t s  
were t h e n  r e t u r n e d  to  t h e i r  cages and  a f t e r  1 h (control  
per iod)  t h e  a m o u n t s  of food a n d  w a t e r  c o n s u m e d  were  
measured .  

This  p rocedure  was r e p e a t e d  a b o u t  1 h later .  However ,  
a t  t h i s  t ime,  t he  c a n n u l a  was rep laced  a f t e r  t a p p i n g  in to  
t he  t ip  5-10 ~xg of one of t h e  fo l lowing s ubs t ances :  
Db-cAMP,  cAMP, A d e n o s i n e - 5 ' - m o n o p h o s p h a t e  (AMP), 
Adenos ine  t r i p h o s p h a t e  (ATP),  C a r b a m o y c h o l i n e  (Carb), 

N- i sop ropy l -no r -ep inephr ine  (NIE) ,  N a - b u t y r a t e  a n d  
NaC111. Food  a n d  w a t e r  consumed  d u r i n g  t h e  n e x t  1 h 
{test period) were  aga in  measured .  

The  a b o v e  p rocedure  was r e p e a t e d  on  5 consecu t ive  
days  a n d  fol lowed b y  2 days  res t  u n t i l  t h e  end  of t h e  
expe r imen t s .  I n  order  to  check  t he  c a n n u l a e  p l a c e m e n t  
(Figure  1) all  r a t s  were ki l led a n d  t h e i r  b r a i n  per fused  a n d  
f ixed in  10% fo rma l in  solut ion.  Af te r  freezing,  25 ~zm 
sect ions  were  cu t  and  s t a ined  w i t h  Luxo l  b lue  a n d  Cresyl  
v io le t  1~. 

Results. Ste reo tac t i ca l  app l i c a t i on  of D b - c A M P  in to  
d i encepha lon  of s a t i a t e d  r a t s  s ign i f i can t ly  increased  
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2 G. L. GESSA, G. ~RISHNA, J. FORN, A. TAGLIAMONTE and 13. B. 
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731,934 (1969). 
S. P. GROSSMAN, Science 132, 301 (1960). 
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206, 1384 (1964). 
7 j .  N. CouRY, Science 756, 1763 (1967). 
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Boehringer (Mannheim. Germany); cAMP, ATP, AMP by Boeh- 
ringer (Mannheim, Germany}; Na-butyrate by ]3. D. H. (Poole, 
England); Carb, NaC1 by Merck (Darmstadt, Germany) and NIE 
by Mann Res. Lab. (New York, USA). 
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Fig. 1. Anatomical maps of: I ,  very effective; &, moderately effective; 
and m, ineffective sites of rat diencephalon where Db-cAMP elicited 
drinking. Each symbol represents 1 rat. For details see text and 8. 
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Fig. 2. Food and water intake determined during 1-h test period 
following stereotaxie appiication of some substances (NIE: N-iso- 
propyl-nor-epinephrine; Db-eAMP; Dibutyryl-adenosine-3', 5"- 
monophosphate; cAMP: Adenosine-3', 5'-monophosphate; Carb: 
Carbamoylcholine) into rat diencephalon. Co is referred to food and 
water intake determined during 1-h control period previously the 
substance application. Means ~= SE of 10-30 observations. (*) 
P < 0.001 (Student's t-test) as compared to control period. A) Lateral 
hypothalamic area, LHA: (A, + 5.4; H, 2.0; L,--  1.5). B) Reticular 
formation, RF: (A, + 1.8; H, -- 2.0; L, i 2.0). C) Lateral hypo- 
thalami~ area, LHA: (A, + 5.8; H, -- 2.5; L, • 1.7). D) Ventro- 
mediaI hypothalamus, VMH: (A, + 5.4; H, -- 3.5; L, i 0.5). 

( + 8 0 % )  wa te r  in take  (Figure 2, A) only when Db-cA MP 
was appl ied  in a res t r ic ted  area of L H A  in or jus t  be low 
the  'zona incer ta '  (ZI, Figure  1). On the  con t r a ry  applica-  
t ion of cAMP into  L H A  was prac t ica l ly  ineffect ive (Figure 
2, A and C). 

Appl ica t ion  of Carb into all the  si tes of L H A  tes t ed  
p roduced  po!ydipsia  and  hyperphagia ,  the  former  more  
marked  t h a n  the  la t t e r  (Figure 2, A and  C). W h e n  appl ied 
in to  the  VMH, however ,  Carb increased only th i r s t  
(Figure 2, D). I t  had  no effect  when  p laced  in to  the  R F  
(Figure 2, B). 

Appl ied  into the  same sites as Db-cAMP and  Carb, N I E  
did no t  elicite any  increase of food and  wa te r  consumed  
(Figure 2, A and  C); indeed it inh ib i ted  food in take  
par t i cu la r ly  in L H A  (Figure 2, A). Appl ica t ion  of AMP,  
ATP, NaC1 and  N a - b u t y r a t e  (this l a t t e r  used in order  to  
check some possible effect  of bu tyr ic  radical  which  is 
p re sumed  13 to  be quickly d ischarged by  Db-cAMP) never  
p roduced  any  s ignif icant  modi f ica t ion  of feeding and  
dr inking responses.  

Discuss ion.  E x p e r i m e n t s  here r epor ted  show cAMP to 
be act ive only  as d ibu ty ry l  der ivate .  Since Db-cAMP is 
more  res i s t an t  to phosphodies te rase  act ion and  p robab ly  
i t  can easily move  across the  cell m e m b r a n e  14, i t  is qui te  
possible t h a t  i t  could act  inside the  nervous  cell. Since 
NaC1, Na-bu ty ra t e ,  ATP  and  AMP had  no action,  the  
molecular  s t ruc ture  of Db-cAMP appears  specific in 
elicit ing the  observed effect. Resul ts  ob ta ined  show no 

analogy be tween  Db-cAMP and NIE ,  since in the  si tes 
where  t he  former  was act ive,  t he  t a t t e r  had  no effect.  
A lack of act ion by  Nor -ep inephr ine  appl ied near  the  'zona 
incer ta '  was previous ly  repor ted  by  BOOTH 15, while o ther  
au thors  ob ta ined  d i f ferent  results% s. 

Qual i ta t ive ly  the  increase of wa te r  in take  p roduced  by  
D b -cA MP was s imilar  to t h a t  of Carb (Figure 2, A). 
Never the less  Db-cAMP effect  appeared  la ter  (10-15 min) 
a n d  lasted longer (1 h) t h a n  t h a t  of Carb (1-5 min  and 
20-30 min, respect ively) .  The f inding t h a t  the  sites where  
Carb was act ive did no t  s t r ic t ly  cor respond to  those  af- 
fected by  Db-cAMP,  is under  discussion. We  suggest  t h a t  
i t  m a y  depend  e i ther  on a be t t e r  diffusion p a t t e r n  of Carb 
or on a t issue concen t ra t ion  of D b -cA MP insuff ic ient  to  
produce  a s ignif icant  response.  

Resul t s  r epor ted  seem a p p a r e n t l y  in keeping wi th  
BRECKENRIDGE'S suggest ion 16,1~ t h a t  cAMP can act  on 
the  complex  Acetylchol ine  s torage or release mechan i sm 
occurr ing a t  the  synap t i c  clefts. A l though  this  effect  has  
no t  been  direct ly  p roved  is, it is s t rongly  suppor t ed  by  t h e  

1~ N. I. SWlSLOCKI, Analyt. Biochem. 38, 260 (1970). 
14 Th. POSTERNAK, E. W. SUTHERLAND and W. F. HEr~ION, Biochim. 

biophys. Acta 55, 558 (1962). 
15 D. A. BOOT~{, Science 158, 515 (1967). 
16 B. McL. BREGKENRIDGE, J. H. BURN and F. M. MATSGHINSK'~', 

Proc. natn. Acad. SoL USA 57, 1893 (1967). 
aT I3. McL. BRECKENRIDOE, A. Rev. Pharmac. 10, 19 0970). 
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f ind ing  t h a t  D b - c A M P  increases  m i n i a t u r e  end-p la t e  
po t en t i a l s  ~2, ~0. 

S tudies  are now ill progress  to  def ine w h e t h e r  the  
D b - c A M P  ac t ion  we found  could be  e v e n t u a l l y  m e d i a t e d  
b y  Acety lchol ine .  

Riassunto. L 'app l i caz ione  s te reotass ica  di microdos i  di 
d ibu t i r r i l - adenos in -3 '  5' mono tos fa to  ne l l ' a rea  i po t a l amica  
la tera le  <zona incerta> di r a t t i  sazi causa  u n  n e t t o  a u m e n t o  
ne l l ' inges t ione  di acqua.  L ' a u m e n t o  ~ mol to  simile a quel lo 
causa to  da l la  ca rbamoi l co l ina  pos t a  nel la  s tessa  zona.  

AS T. MATSUDA, F. I-[ATA and H. YOSHIDA, Biochim. biophys. Acta 
750, 739 (1968). 

19 A. L. GOLBDE~O and J. J. SINGES, Proc. natn. Aead. Sei. USA 64, 
134 (1969). 

25 j .  j .  SINOER and A. L. GOLDBERG, Adv. Biochem. Psychopharmac. 
3, 335 (1970). 
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On the Intraganglionic Neurohaemal Organs in 
(Hydrophilidae. Coleoptera) 

The  exis tence  of neu rosec re to ry  cells in t he  gangl ia  of 
the  v e n t r a l  ne rve  cha in  of insects  is we l l -known  ~. M a n y  
recen t  i nves t iga to r s  h a v e  p r e sen t ed  cytological  ev idence  
to  e s t ab l i sh  t he  neu rosec re to ry  c h a r a c t e r  of t he  cells in the  
v e n t r a l  gangl ia  2-5. These  cells were assoc ia ted  w i t h  va r i ed  
i m p o r t a n t  phys io logica l  func t ions  such  as d i apanse  ~-s, 
p i g m e n t  m i g r a t i o n  9, oogenesis  ~0, n and  p r o d u c t i o n  oi an t i -  
d iu re t i c  h o r m o n e  12. The  neu rosec re to ry  cells, wh ich  
e x h i b i t  cyclical  ac t iv i ty ,  r e m a i n  re l a t ive ly  c o n s t a n t  in  
t he i r  n u m b e r  and  t o p o g r a p h i c a l  s i t u a t i o n  ~, 4. 

I n  t he  Coleoptera,  s e g m e n t a l  n e u r o h a e m a l  o rgans  in 
assoc ia t ion  w i t h  t he  v e n t r a l  gangl ionic  cha in  h a v e  been  
descr ibed  b y  some a u t h o r s  ~a-~. In  our  h is to logica l  and  
h i s t ochemica l  i nves t i ga t i ons  on  t he  v e n t r a l  ne rve  cord  
of t he  aqua t i c  bee t le  Hydrophilus, ce r t a in  neu rosec re to ry  
pa t ches  h a v e  been  f o u n d  in t he  va r ious  gangl ia  of t he  
v e n t r a l  chain .  The  ob jec t  of t h e  p r e s en t  r epo r t  is to  give 
a br ie f  desc r ip t ion  of these  s egmen ta l  i n t r agang l ion ic  
pa t ches  a n d  to e x a m i n e  t h e i r  poss ible  role as neuro-  
h a e m a l  organs.  

The  v e n t r a l  ne rve  cord in t h i s  insec t  shows ve ry  l i t t l e  
c o n c e n t r a t i o n  of i ts  c o n s t i t u e n t  ganglia .  All t he  gangl ia  

Fig. 1. Diagrammatic representation of the suboesophageal ganglion 
showing the disposition of the various cell types. Note that the axons 
of the 'A~' cells (dotted line) lead into the irregularly-shaped AF- 
positive patches and some nerve fibres arising from these patches 
(broken line) join the fibre tracts of the lateral nerves. 

the Ventral Nerve Cord of Hydrophi!us olivaceus 

are separa te ,  excep t ing  t he  f i rs t  a b d o m i n a l  wh ich  is fused 
w i t h  t he  m e t a t h o r a c i c  a n d  t he  las t  a b d o m i n a l  w h i c h  is, 
as usual ,  a compos i t e  s t r u c t u r e  r e su l t ing  f rom fusion of 
the  pos te r io r  4 or 5 gangl ia .  

The  neurosec re to ry  cells of t he  v e n t r a l  gangl ionic  
cha in  are  d i s t ingu i shab le  in to  2 m a i n  types ,  n a m e l y  t h e  A 
a n d  B types,  on  t he  basis  of t h e i r  s t a in ing  proper t ies .  The  
A cells s t a in  purp le  w i t h  p a r a l d e h y d e - f u c h s i n  (AF), v io le t  
w i t h  ch rome  h a e m a t o x y l i n - p h l o x i n  (CHP) a n d  b lu ish-  
green  w i t h  a lc ian  b lue -ph lox in  (ABP) techniques .  The  
A t y p e  cells are f u r t h e r  d iv is ib le  in to  A 1 and  A 2 types ,  
accord ing  to  t he  differences in t h e i r  vo lume,  n u m b e r  a n d  
t opog raph i ca l  disposi t ion.  The  A~ cells are d i s t i nc t l y  

�9 larger  t h a n  t he  A 2 cells and  2 of t h e m  occur  medio-  
dorsa l ly  on ly  in t h e  suboesophagea l  gangl ion.  I n  all t h e  
o the r  ganglia ,  on ly  t h e  A~ cells are r ep re sen t ed  in va r i ed  
n u m b e r s  (Figure 1). The  B t y p e  cells are d i s t i nc t l y  phlo-  
x inophi l ic ,  b o t h  in t he  C H P  a n d  A B P  techniques ,  whi le  
t h e y  are on ly  poor ly  s t a i n a b l e  w i t h  AF.  T h e y  are also 
r ep resen ted  in all t h e  gangl ia  in  va r i ab l e  number s .  These  
cells are pear - shaped ,  of ten  h igh ly  v a c u o l a t e d  a n d  h a v e  
long t h i c k  axons  which  are also s t rong ly  ph lox inophi l i c .  
B o t h  A 1 and  A 2 cells con t a in  large a m o u n t s  of cys t ine ,  
as revea led  b y  pe r io rmic  ac id-a lc ian  b lue  t echn ique .  W i t h  
H e i d e n h a i n ' s  azan,  however ,  all t h e  cell t ypes  are s ta in -  
able,  t h o u g h  t he  B cells s t a in  w i t h  lesser i n t e n s i t y  t h a n  
t he  A type .  In  all  t h e  gangl ia  t he  A~ a n d  B types  of ceils 
are loca ted  per iphera l ly ,  s u r r o u n d i n g  t h e  cen t r a l  neuro-  
pile t h a t  is composed  of several  f ibre  t r a c t s  (Figure 2). 

W h o l e  p repa ra t ions ,  as well  as sect ions  of all  t h e  gangl ia  
s t a ined  w i t h  AF, revea l  t he  presence  of a v a r i a b l e  n u m b e r  
of i r r egu la r ly - shaped  pa tch - l ike  areas  w i t h i n  t h e  gangl ia  
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