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MCQUEEN, A., S. ARMSTRONG, G. SINGER AND R. D. MYERS. Noradrenergic feeding system in monkey 
hypothalamus is altered by localized perfusion of glucose, insulin, 2-DG and eating. PHARMAC. BIOCHEM. BEHAV. 5(4) 
491-494, 1976. - Hypothalamic sites in the monkey were labelled by micro-injections of 3H-NE and successive push-pull 
perfusions were carried out at a rate of 25 M/min. When the monkey was fed, 3H-NE within the perifornical region 
increased. When 2-deoxy-D- glucose (2-DG) was added to the perfusate, 3 H-NE release was also enhanced, whereas insulin 
perfused at the same rate caused a delayed increase in catecholamine levels as reflected by increased radioactivity. Glucose 
supressed the release of 3H.NE, suggesting overall that the noradrenergic feeding system in the hypothalamus of the 
monkey is modulated by the regional level of glucose as well as the local concentration of insulin. 
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THE T H E O R Y  that  noradrenergic pathways  in the brain- 
stem mediate  feeding behavior  is based principally on 
pharmacological  studies. When norepinephr ine  (NE) is 
microinjected into specific areas of  the hypo tha lamus  of  
the rat, m o n k e y  and other  species, the previously satiated 
animal consumes food [1, 7, 17],  the magni tude  of  feeding 
depending on the dose of  NE [3, 14, 25] .  Such NE-induced 
feeding is a t t enua ted  if the hypo tha lamic  locus or sites 
along the ventricle are pretreated with an alpha adrenergic 
antagonist ,  but  eating is enhanced by substances such as 
desmethyl- imipramine which prevents  re-uptake of  endo- 
genous NE [2, i0 ,  26, 27] .  

At present,  only three pieces of  direct physiological  

evidence support  the view that endogenous  catecholamines  
in the brain stem are involved in feeding: ( 1 ) t h e  release of  
a catecholamine-l ike factor f rom the d iencephalon of  a 
food deprived monkey  [31] ;  (2) the enhanced release of  
3H-NE f rom the medial hypotha lamus  which is evoked 
when the fasted rat feeds [12 ] ;  and (3) changes in 
catecholamine con ten t  in the hypotha lamus  as a result of  
food deprivat ion [5 ,6] .  

More recent ly,  basic quest ions have been directed 
towards the problem of the precise func t ion  of  the 
noradrenergic pa thways  in the diencephalon.  For  example,  
what activates the catecholaminergic  system of neurons? 
What is the role of these synapses in regions such as the 
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ventromedial  and lateral hypotha lamic  areas, classically 
implicated as comprising major convergent  systems for 
hunger and satiety? 

In the present experiments ,  we have conf i rmed that  
eating releases NE [ 12] and also shown that  insulin, glucose 
and its compet i t ive  analogue, 2-DG, all affect the activity of  
noradrenergic neurons,  as ref lected by changes in the 
release of  3 H-NE within the hypotha lamus  of  the fed or 
fasted monkey .  

M E T H O D  

Following procedures  described previously [20] ,  an 
array of four 18 ga push-pull guide tubes was implanted 
stereotaxically in two monkeys ,  under  aseptic condit ions,  
above sites in the perifornical  region of the hypothalamus.  
On post-operative recovery,  each monkey  was kept  in a 
primate restraining chair and maintained on ad lib water  
and a twice-daily feeding regimen until  its intake of  food 
had stabilized. 

To label NE stores in the monkey ' s  hypotha lamus  [22] ,  
25 #Ci NE-7-3H (Amersham Searle Ltd.)  were microin-  
jected in a 1 ~1 volume at a predetermined depth  7 - 1 0  mm 
below the tip of  the guide tube. The al iquot  of isotope was 
drawn into a 28 ga needle and after the injector was 
lowered into the guide, the inject ion was made over a 60 
sec interval. The needle was kept  in place for 45 sec after 
the inject ion to permit  dispersion of the solution. After  a 
period of 30 min had elapsed, concentr ic  push-pull can- 
nulae [18] were lowered bilaterally to the same depth  
at which the 3 H-NE was infused. The push-pull pump was 
switched on and a perfusion was carried out for 5 rain at a 
rate of 25 M/min.  

Each sample was expelled into collecting vials and a 50 
ul al iquot was pipet ted into a scintil lation vial containing 
10 ml of  Brays solut ion [12] .  The activity of  each sample 
of perfusate was counted for 10 min on a Packard 3320 
Tri-Carb liquid scintillation spectrometer .  Successive perfu- 
sions were carried out  at 20 min intervals. During the 
four th  perfusion, the animal was either fed biscuits com- 
posed of  rat chow, or, alternatively,  one of the fol lowing 
solutions was substi tuted for the control  CSF solution [19] 
used as the perfusion medium: glucose (2.75, 5.5 or 10% 
w/v); 2 deoxy-d-glucose (2-DG, 50 or 100 #1) in CSF; and 
bovine insulin (50 or 100 mU/25M).  A total  of  seven 
successive samples of perfusate were collected before the 
washout  in radioact ivi ty had reached asymptote ,  and at 
least 24 hr elapsed between each exper iment .  To determine 
the sites of  push-pull perfusion at the te rminat ion  of the 
experiments,  each animal was given an overdose of sodium 
pentobarbi tal ;  the brain was perfused with formalin,  then 
sectioned and stained according to standard histological 
procedure.  

R E S U L T S  A N D  D I S C U S S I O N  

The propor t ional  me thod  of Hall and Turner [8] was 
employed in the analysis of  the data as follows: the 
radioactivi ty in the third sample, that  is the one immediat-  
ely preceding the episode of  feeding, (or the addi t ion to the 
perfusate of  one of  the above-ment ioned compounds)  was 
taken as representative of 100% radioactivity.  Then the 
DPM (disintegrations per minute)  value in each perfusate 
was calculated as the propor t ion  of  this value. 

Figure 1 illustrates the results of a set of exper iments  in 
which the site of perfusion of the monkey ' s  hypotha lamus  
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FIG. 1. Proportional efflux (see text) of 3H-norepinephrine (NE) 
from a push-pull perfusion site in the perifornical region of the 
monkey's hypothalamus. A control washout curve of 3 H activity is 
plotted in each experiment (o--o). Upper left: monkey ate biscuits 
during the 0 perfusion. Upper right: 50 #g/rain of 2-DG was 
perfused during the 0 interval (~.--t). Lower left: 5.5% glucose was 
perfused during the 0 interval (F--4). Lower right: 100 mU/min of 

insulin was perfused during the 0 interval (F--4). 

was verified to be adjacent to the descending columns of  
the fornix at AP 15.0. In each exper iment  the feeding or 
the addi t ion of  the compound  to the perfusate always 
occurred during the four th  perfusion, as denoted at ZERO 
by the black bar on the figure. At this zero point,  the fasted 
animal was fed (left top)  or given either 5.5% glucose (left 
bo t tom)  or 50 ug/min 2-DG (right top) or 100 mU insulin 
(right bo t t om)  as an addi t ion to the perfusion medium. The 
pattern of  3 H-NE activity under  the four  exper imenta l  
condit ions is contrasted with the control  curve which 
depicts the typical washout  of  radioact ivi ty at the same site 
when there is no exper imenta l  manipulat ion [13] .  As the 
monkey  was eating (left  top) the efflux of 3H.NE was 
enhanced. The perfusion at 50 ug/min  of 2-DG also caused 
an immedia te  enhancement  in 3 H-NE release even though 
the monkey  was not  allowed to eat (right top). On the 
o ther  hand, the perfusion of  5.5% glucose suppressed the 
release of  the catecholamine f rom this same perifornical  
locus (left bo t tom) .  Insulin added to the push-pull per- 
fusion solution evoked yet  another  pat tern of 3H-NE 
efflux. During its perfusion in a concent ra t ion  of 100 
mU/min  for 5 rain, insulin exer ted no immedia te  effect  on 
the kinetics of  NE release; however,  during the two 
following perfusions, 20 and 40 min later, the activity of  
3 H-NE was augmented.  This delayed action of  insulin is 
illustrated in Fig. 1 (right bo t tom) .  

These exper iments  provide the first direct in vivo 
evidence that the noradrenergic feeding system has a 
physiological basis in addit ion to its pharmacological  
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signif icance as s h o w n  in earlier s tudies  [ 1 0 , 2 1 ] .  T h a t  is, 
insulin,  glucose and  its an tagon is t ,  2-DG, all act  d i f feren-  
t ially on  n e u r o n s  t ha t  have t a k e n  up rad ioac t ive  NE, as 
re f lec ted  by  the  changes  in the  3 H-NE act iv i ty  in the  
perfusates .  Of special s ignif icance is the  fact  t h a t  the  sites at  
which  3 H-NE release is a l te red  by these  c o m p o u n d s  are 
h o m o l o g o u s  to those  at which  feeding causes an  e n h a n c e d  
ca t echo l amine  release [ 2 4 ] .  

Our  resul ts  con f i r m  those  ob t a ined  wi th  the  ra t  in which  
feeding or lever pressing for  food  pel le ts  a u g m e n t s  the  
release of h y p o t h a l a m i c  NE and  its m e t a b o l i t e s  f rom 
per fus ion  loci  ident i f ied  a long the  midl ine ,  an t e r io r  and  
per i forn ica l  regions [ 12 ,13 ] .  The  f indings  suggest t ha t  cells 
sensit ive to  glucose [4, 11, 16, 23, 24] and  to insul in  [9, 
28, 29] in the  lateral  or  v e n t r o m e d i a l  regions of  the  
h y p o t h a l a m u s  could  e i ther  con t a i n  NE in the i r  nerve  
endings  or, on  the  o t h e r  hand ,  synapse  u p o n  o t h e r  n e u r o n s  
con ta in ing  this  m o n a m i n e .  Fu r the r ,  2-DG which  causes 
feeding p r e s u m a b l y  by  mimic ing  local  signals of  gluco- 
p r iva t ion  [15 ,30]  p roduces  a release of  the  ca t echo l amine  
similar to  t ha t  fo l lowing eating.  

In a p re l iminary  set of  as ye t  u n p u b l i s h e d  e x p e r i m e n t s  

wi th  the  m o n k e y  and  the  ra t ,  we have n o t e d  also an  
oppos i t e  ef f lux p a t t e r n  of  ~H-NE f rom one  push-pul l  
cannula  site pos i t ioned  con t ra la te ra l ly  in the  h y p o t h a l a m u s .  
This occur red  wi th  feeding as well as dur ing  the  per fus ions  
wi th  glucose, insul in  and  2-DG. Suppor t  is thus  of fered  for  
the  concep t  tha t  NE synapses  could m o d u l a t e  b o t h  
exc i t a to ry  and i n h i b i t o r y  mechan i sms  [10]  in d i f fe ren t  
par ts  of  this  s t ruc ture .  Thus,  the  act  of feeding,  the  
presence  of excess glucose or a local defici t  of  the  sugar can 
serve to  al ter  the  e n d o g e n o u s  act ivi ty  of  NE. Our  resul ts  
favour  the  view tha t  the  t i t re  of  p lasma n u t r i e n t s  could  
mod i fy  di rect ly  the synapt ic  response  p a t t e r n  of  noradren-  
ergic n e u r o n s  in the  h y p o t h a l a m u s  in a c o m p l e m e n t a r y  
m a n n e r  [ 2 1 ] .  
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