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HERBERG, L. J. AND D. N. STEPHENS. Cyclic AMP and central noradrenaline receptors: failure to activate diencephalic 
adrenergic feeding pathways. PHARMAC. BIOCHEM. BEHAV. 4(1) 107-110, 1976. - Intracranial injection of graded 
doses of dibutyryl 3', 5'-cyclic adenosine monophosphoric acid (cAMP) at sites in the accumbens/stria terminalis nuclei of 
satiated rats elicited behavioural arousal and occasional convulsive episodes at higher doses, but failed to affect food 
consumption even in sites where injection of noradrenaline (65 nmol) consistently elicited increased feeding. Intracranial 
aminophylline (550 nmol) or dopamine (65 nmol) were also without effect on food consumption. This result does not 
support recent suggestions that cAMP serves as the second messenger in central noradrenergic motivational pathways. 

Cyclic AMP Central noradrenaline receptors Adrenergeric feeding Dopamine Aminophylline 

CYCLIC 3', 5'-adenosine monophosphate (cAMP) is be- 
lieved to serve as an intracellular second messenger for a 
number of hormones, neurohormones and neurotrans- 
mitters, including dopamine (DA) and adrenaline and for 
catecholamines (CA) acting on peripheral beta-receptors 
[26,35 ]. It is uncertain, however, whether cAMP is also the 
second messenger for noradrenaline (NA) at central syn- 
apses [ 10,24]. In support of this possibility is the finding 
that cerebellar Purkinje cells [32] and hippocampal units 
[29] depressed by microiontophoretic application of NA 
are affected similarly by iontophoretic cAMP. These find- 
ings have been interpreted as evidence that NA is yet 
another agent that acts on its receptors by triggering cAMP 
synthesis [32], and it has even been argued that the 
overriding factor determining the behavioural effects of 
brain NA is not the availability of NA but the degree to 
which subsynaptic adenyl cyclase responds to its presence 
by synthesising cAMP [33]. Several investigators, however, 
have failed to replicate the iontophoretic findings [ 14,22], 
and the correct interpretation of these findings is still 
warmly debated [3, 21, 30, 31]. Evidence that NA raises 
cAMP concentrations in brain slices [27], cell cultures [28] 
or whole brain [9] is similarly inconclusive: for although 
these changes can be partly prevented by either alpha- or 
beta-adrenergic blocking agents [24,27] they are not 
necessarily evidence of a synaptic action since NA causes 
cAMP to accumulate even in cells devoid of noradrenergic 
innervation [28 ]. 

Direct evidence of the role of cAMP at central synapses 
has been sought by comparing the behavioural effects of 
cAMP and NA applied directly to the brain. Small 
injections of NA [16] or NA-mimetics [4, 8, 34] into 

certain sites, or larger injections into the cerebral ventricles 
[23] elicit feeding behaviour in food-satiated rats which 
may be prevented by administration of alpha- but not 
beta-adrenergic blocking agents [4, 15, 34]. Using cAMP, 
usually in high or  lethal doses, a number of investigators 
have demonstrated enhanced locomotor activity and emo- 
tional, sexual and other behavioural changes, including 
feeding behaviour, following intracranial administration in 
rats or cats [5, 6, 20]. The injections, however, were not 
administered specifically at brain sites known to contain 
NA receptors or to be particularly effective in eliciting 
adrenergic feeding, and it is not clear whether the feeding 
elicited after cAMP should be ascribed to a specific action 
by cAMP on NA-sensitive neurones, to general behavioural 
arousal, or (as suggested by one investigator [5])  to the 
known metabolic actions of cAMP. We have therefore 
examined the effect on feeding behaviour of cAMP injected 
in a range of doses through cannulas known to elicit 
adrenergic feeding. The same cannulas were used also to 
determine to what extent any feeding behaviour obtained 
with cAMP might be ascribed to DA receptors, and to 
investigate the effect of aminophylline, a xanthine deriva- 
tive believed to cause enhanced intracellular levels of cAMP 
by preventing its breakdown by intracellular phosphodi- 
esterase [ 11 ]. 

METHOD 

Nine adult male Wistar rats were implanted with 22 ga. 
stainless steel cannulas aimed at the nucleus interstitialis 
striae terminalis, a structure rich in CA receptors [ 12 ], and 
effective in eliciting adrenergic feeding [8]. De Groot 
coordinates were A 6.4 to 8.4, 1.3 lateral, and 6.2 mm 
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FIG. 1. Mean food intake during 1 hr test meals following intracranial injection of NaC1 (155 nmol) (mean of 2 tests), NA 
(65 nmol) (mean of 2 tests), DA (65 nmol) (mean of two tests) dibutyryl cAMP (3.7, 25 and 50 nmol), aminophylline 
(550 nmol) and a further injection of NA (65 nmol). Scores were each derived from 8 rats except for the aminophylline 

and final NA tests where N = 7. Ranges shown are standard errors. 

be low the  surface  of  the  skull. Af te r  2 weeks  of  recovery ,  
t he  rats  were given a series of  in t rac ran ia l  in jec t ions  each 
fol lowed b y  a 1 hr  feeding tes t  accord ing  to p rocedures  
descr ibed previous ly  [ 1 8 ] .  Subs t ances  in jec ted  were nor-  
adrena l ine  b i t a r t r a t e  (65 nmol) ,  d o p a m i n e  HC1 (65 nmol ) ,  
a m i n o p h y l l i n e  B.P. (Evans  Medical)  (550  nmol ) ,  and cyclic 
3 ,  3 - a d e n o s i n e  m o n o p h o s p h o r i c  acid (3.7,  25 and  50 
n m o l )  given as the  d i b u t y r y l  salt (Sigma)  to faci l i ta te  cell 
en t ry  and  to  min imise  its ca tabo l i sm by phosphod ies t e rase .  
All so lu t ions  for  in j ec t ion  were ad jus ted  to a c o n c e n t r a t i o n  
of  155 mM by  add i t i on  of  NaC1, and  given in a v o l u m e  of  
1.0 ul over  a per iod  of  a p p r o x i m a t e l y  5 sec. In tervals  of  at  
least 72 hr  were al lowed b e t w e e n  successive inject ions.  
Scores for  NaC1, NA and  DA were m e a n  values o b t a i n e d  
f rom tes ts  admin i s t e r ed  in an  ABCBCA sequence.  The  dose  
order  for  cAMP was 3.7,  50 and 25 nmol .  At  the  end of  the  
e x p e r i m e n t  an imals  were re tes ted  w i th  NA and NaC1 for  a 
th i rd  t ime,  and  c annu l a  sites were verif ied f rom p h o t o -  
graphic  en l a rgemen t s  of  50 u m  uns t a ined  f rozen  sect ions.  

RESULTS 

Figure  1 shows t he  m e a n  weight  of  food  pel le ts  
c o n s u m e d  in the  60 m i n  a f t e r  each  of  the  drugs adminis-  
tered.  

Noradrenaline caused s ignif icant ly  more  feeding t han  
NaCI (3.2 vs 1.3 g; t = 2.9, d.f. - 7, p < 0 . 0 5 )  and 6 ra ts  
which  exceeded a prese t  c r i te r ion  [18]  b y  c o n s u m i n g  at 
least 1.0 g more  food  af te r  NA t h a n  af te r  NaC1 were 
classified as feeders.  Three  ra ts  were non- feeders  (NA - 
NaC1 < 1.0 g). F igure  1 includes  scores of  one  non- feede r  
which  died be fo re  receiving aminophy l l ine .  One  feeder  died 

af ter  receiving on ly  NA, and resul ts  f rom this  rat  were 
discarded.  All bu t  one  of  the  5 surviving feeders  again 
exceeded  cr i te r ion  w h e n  re tes ted  w i th  NA at the  end  of  the  
expe r imen t ,  while b o t h  the  surviving non- feeders  again 
failed to  reach  it. 

Dopamine admin i s t r a t i on  in rats  classified as feeders  was 
fo l lowed wi th in  2 - 3  min  by  a b r ie f  bu r s t  of  d r ink ing  
fol lowed by  phys ica l  collapse dur ing  which  the  rat  lay 
mot ion le s s  and  flaccid, r e spond ing  on ly  to s t rong st imuli .  
These  effects  did no t  occur  in non feede r s  (nor  was it 
descr ibed in previous  inves t iga t ions  in which  DA was 
in jec ted  in adrenergic  feeding sites poo r  in DA receptors  
[ 4 , 34 ] .  Recovery  occur red  wi th in  a b o u t  10 min  bu t  the re  
was no  s ignif icant  change  in the  in take  of  e i the r  food  
pel lets  or  wa te r  e i the r  in the  feeders  or in the  g roup  as a 
whole.  

cAMP had no  effect  in any  dose on  food  in take  in e i the r  
feeders  or non- feeders  ( F r i e d m a n  x 2 = 0.8;  n = 8; N.S.). 
The two  s t ronger  doses  induced  obvious  hype rac t iv i ty  in all 
animals,  and  in th ree  rats  (2 feeders,  1 n o n f e e d e r )  this  
cu lmina ted  in a b r ie f  convuls ive seizure. Elevated rec ta l  
t e m p e r a t u r e s  were recorded  af te r  convulsive seizures (39.0  
to 39 .5°C)  b u t  no t  in rats  which  did no t  suffer  seizures. 

Aminophylline scores were more  t h a n  1.0 g in excess of  
the  co r r e spond ing  saline scores in two rats  ( b o t h  feeders) ,  
bu t  Fig. 1 shows t ha t  for the  g roup  as a whole  there  was no  
s ignif icant  effect  on  the  overal l  m e a n  c o n s u m p t i o n ,  wh ich  
was s igni f icant ly  less t h a n  c o n s u m p t i o n  af te r  NA (1.67 vs 
3.5 g; t = 3.3, d.f. = 6, p < 0 . 0 5 ) .  

Histology. All cannulas  p e n e t r a t e d  the  lateral  vent r ic le  
to t e r m i n a t e  in the  region of  the  pos te r io r  e x t r e m i t y  of  the  
nuc leus  a c c u m b e n s  at its j u n c t i o n  w i th  the  bed  nuc leus  of  
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the  stria ter rninal is  (de  G r o o t  p lanes  A 7 . 0 - 8 . 0 ) .  S o m e  
bra ins  showed  evidence  of  re f lux  in to  the  vent r ic les  a long 
the  cannu la  t racks ,  and the  vent r ic les  of  3 feeders  were 
marked ly  di la ted,  ind ica t ing  t h a t  t he  in jec ted  so lu t ions  m a y  
have spread cons ide rab ly  b e y o n d  the  i m m e d i a t e  site of  
in ject ion.  

DISCUSSION 

In t rac ran ia l  in jec t ion  of  cAMP in doses  suff ic ient  to  
affect  gross b e h a v i o u r  failed to p roduce  s ignif icant  changes  
in food  c o n s u m p t i o n ,  even t h o u g h  in jec t ions  of  NA caused 
more  t h a n  a two-fo ld  m e a n  increase over  saline con t ro l  
scores. In jec t ions  of  aminophy l l i ne ,  des igned to raise 
in t race l lu lar  c o n c e n t r a t i o n s  of  e n d o g e n o u s  cAMP by  
p reven t ing  its ca tabol i sm,  were s imilar ly ineffect ive.  Thus  
cAMP is un l ike ly  to serve as second messenger  in the  
a lpha-adrenergic  feeding m e c h a n i s m  or in the  ascending  
m o t i v a t i o n a l  p a t h w a y s  of  wh ich  the  feeding sys tem is 
t h o u g h t  to  be a c o n s t i t u e n t  par t  [2, 7, 18] .  The  presen t  
f indings  do  no t  argue against  a role for  cAMP at the  
adrenergic  be ta - recep to r ,  b u t  the  weight  of  p resen t  ev idence  

is against  any  s ignif icant  role for  cen t ra l  be t a - r ecep to r s  in 
m o t i v a t i o n  [1, 17, 19] .  It b e c o m e s  dif f icul t ,  the re fore ,  to  
a c c o u n t  for  t he  v i r tua l ly  per fec t  cor re la t ion ,  across rat  
strains,  b e t w e e n  the  level o f  s p o n t a n e o u s  m o t o r  ac t iv i ty  
and  t he  degree to  wh ich  NA s t imula tes  the  a c c u m u l a t i o n  of  
b r a i n s t e m  cAMP [ 3 3 ] .  In par t i cu la r  it is d i f f icu l t  to  accept  
the  suggest ion t h a t  the  level of  s p o n t a n e o u s  m o t o r  act ivi ty  
is d e t e r m i n e d  b y  the  sensi t iv i ty  of  b ra in  adeny l  cyclase to  
NA released at noradrenerg ic  synapses.  It would  be  inter-  
est ing to  learn,  however ,  w h e t h e r  h igh sensi t ivi ty  of  adeny l  
cyclase to  NA is associated w i th  h igh sensi t ivi ty  to  o t h e r  
cent ra l  t r ansmi t t e r s ,  par t icu la r ly  DA and  adrena l ine  which  
have recen t ly  b e e n  impl ica ted  in s p o n t a n e o u s  m o t o r  activ- 
i ty [25]  and  arousal  [13]  respect ively.  If so, the  corre- 
la t ion  b e t w e e n  m o t o r  ac t iv i ty  and sensi t ivi ty  to NA [33]  
could be  p roper ly  regarded as incidental ,  no t  causal. 
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