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MONTGOMERY, R. B. AND G. SINGER. Functional relationship of lateral hypothalamus and amygdala & control of 
eating. PHARMAC. BIOCHEM. BEHAV. 3(5) 905-907, 1975. - Cannulas were stereotactically implanted in the lateral 
hypothalamus and the ipsilateral amygdaloid cortical nucleus of 7 male albino rats, Wistar strain. After functional 
checking of the accuracy of implants by adrenergic elicitation of increased food intake, the animals were injected with 
combinations of noradrenaline, phenoxybenzamine or tolazoline, or placebo under 6 treatment conditions, while food- 
and water-satiated. The elicitation of increased food intake in the satiated rat by adrenergic stimulation of the lateral 
hypothalamus was confirmed, and it was further found that simultaneous adrenergic stimulation of the amygdaloid 
cortical nucleus augmented this increase. However, simultaneous anti-adrenergic blockade in the amygdaloid cortical 
nucleus reduced eating to control level. The lack of response of the amygdaloid cortical nucleus to adrenergic 
stimulation in the satiated rat, under simultaneous stimulation of the lateral hypothalamus with either placebo or an 
adrenergic blocker, was also demonstrated. It .was concluded that the amygdaloid cortical nucleus has a modulatory 
influence on eating behavior, which is dependent on the level of activity in the lateral hypothalamus, and further that 
this modulatory influence is necessary to the behavioral output of the hypothalamic system. This is the same 
relationship between the hypothalamus and amygdala previously demonstrated in regard to drinking behavior and these 
results are seen as supporting the behavioral generality of the functional relationships reported. 

Chemical stimulation of brain Neurochemical coding of behavior 
Adrenergic stimulation and antiadrenergic blockade of eating 

Lateral hypothalamus Amygdala 

ON the basis of  studies employ ing  direct chemical  stimula- 
t ion of the brain, a number  of  funct ional  relat ionships 
be tween  central  neurobehaviora l  circuits involved in the 
regulat ion of  drinking behavior  in the rat have been 
suggested [2, 5, 6] .  These are (1) activity in a cho- 
linergically-sensitive amygdaloid circuit  is dependen t  on the 
level of  act ivi ty in a cholinergically sensitive hypotha lamic-  
septal circuit;  (2) once the amygdaloid circuit is itself 
activated by direct cholinergic s t imulat ion,  it modula tes  the 
behavioral  ou tpu t  of  the hypothalamic-septa l  circuit;  and 
(3) this modu la to ry  inf luence is necessary for  a behavioral  
ou tpu t  f rom the hypothalamic-septa l  circuit. 

These funct ional  relationships were in terpre ted  as sug- 
gesting the funct ion  of  the cholinergically-sensitive 
amygdaloid circuit  was the disinhibit ion of  the hypo-  
thalamic-septal  circuit  by inhibi t ion of  a vent romedia l  
hypotha lamic  system, the role of  which is to inhibit  the 
hypothalamic-septal  circuit  under  condi t ions  of  water  
satiation [6] .  

It has been demonst ra ted  that  the cholinergically- 
sensitive drinking system and adrenergically-sensitive 
feeding system in the rat are not  anatomical ly identical  
[2,3] but  in close spatial p roximi ty .  In one thorough 
investigation of 184 loci in 20 brain areas, only 15 percent  
of  the loci responded to bo th  adrenergic and cholinergic 
st imulat ion with eating and drinking respectively [2] 
whereas o ther  loci showed ei ther specific cholinergic 
drinking or  adrenergic eating responses. Generally,  in those 
areas studied, the number  of  adrenergically responsive loci 
was less than that  of  cholinergically responsive loci. These 
findings suggest that ,  while the cholinergic drinking circuit 
and adrenergic feeding circuit  may be conceptual ly  and 
anatomical ly  similar, they  are not  identical,  a l though they 
are anatomical ly  proximal  to each o ther  at a number  of  
points.  In the present exper iment ,  the lack of  complete  
congruence be tween  the two drive circuits raised the 
ques t ion as to whether  the funct ional  relat ionship for 
drinking behavior  demonst ra ted  previously be tween  the 

905 



906 M O N T G O M E R Y  AND S I N G E R  

h y p o t h a l a m u s  and amygdala ,  two  po in t s  where  the  circuits  
are mu tua l l y  proximal ,  would  also ho ld  for  feeding 
behavior .  

METHOD 

Animals 

The animals  were 7 male a lb ino  rats  cannu la t ed  wi th  
ipsi lateral  implan t s  in to  the  la teral  h y p o t h a l a m u s  and  the  
amygda lo id  cort ical  nucleus.  

Apparatus 

A new cannula ,  r educed  in size, was i n t r o d u c e d  in this  
e x p e r i m e n t  [1 ] .  This new cannu la  type  was cons idered  
advantageous  since it reduced  the  a m o u n t  of t issue damage 
caused dur ing cannu la t ion ,  and  pe rmi t t ed  more  accura te  
local izat ion of  the  in ject ion.  S t imulus  so lu t ions  were 
noradrena l ine  b i t a r t r a t e  (24  X 10-4M), p h e n o x y b e n z a m i n e  
hydroch lo r ide ,  and  to lazo l ine  hydroch lo r ide .  Early at- 
t e m p t s  to  use p h e n o x y b e n z a m i n e  as the  adrenergic  b locker  
were f rus t ra ted  by  its l imi ted solubi l i ty  in water ,  and  it was 
s imply  used as a sa tu ra ted  aqueous  so lu t ion  in 0.9 pe rcen t  
saline at r o o m  t empera tu re .  Is was the re fore  replaced wi th  
to lazol ine ,  wh ich  is more  soluble ,  b u t  was on ly  available as 
an aqueous  so lu t ion  commerc ia l ly  prepared  for  h u m a n  
appl ica t ion ,  so tha t  again no  choice  of  c o n c e n t r a t i o n  was 
possible. There  diff icul t ies  wi th  the  c o n c e n t r a t i o n  of  the  
adrenergic  b locker  were no t  cons idered  i m p o r t a n t ,  since 
this  was no t  a dose-effect  s tudy  and only  behaviora l ly  
effect ive c o n c e n t r a t i o n s  were required.  

Pro cedure 

The  procedure  was basical ly similar to  tha t  used pre- 
viously [5 ] .  F u n c t i o n a l  tests  were c o n d u c t e d  to screen out  
nonrespons ive  animals ;  as seems to  be general ly  found ,  it 
was diff icul t  to  o b t a i n  animals  which  were adrenergical ly  
responsive in b o t h  loci. In add i t i on  because  of  the  
d e m o n s t r a t i o n  of  a cumula t ive  effect  f rom repea ted  adren-  
ergic s t imu la t ion  a m i n i m u m  of two  days was al lowed 
be tween  tests  [ 2 ] .  This  increased diff icul t ies  f rom chron ic  
infec t ion ,  and  as a result  of b o t h  these factors  comple te  sets 
of  data  were col lected on  on ly  7 animals.  

To ensure  sa t ia t ion  and  con t ro l  pa la tab i l i ty  effects ,  
animals  were given fresh food  (Mecon  b r a n d  rat  and  mouse  
cubes)  and  water ,  1 hr  be fore  in jec t ion .  They  were t h e n  
in jected w i th  a c o m b i n a t i o n  of  noradrena l ine ,  and of  the  
adrenergic  b lockers ,  or p lacebo,  (1 ~1 of  one  subs tance  in to  
each cannula) ,  accord ing  to the  cond i t ions  in Table  1. Af te r  
in ject ion,  animals  were a l lowed 1 hr  fu r the r  access to  the  
food,  which  was weighed again, t oge the r  w i th  any  spillage, 
at the  end  of  the  tes t  period.  Animals  were m a i n t a i n e d  on  
ad lib food  and  water  be t w een  tests.  

The animals  were killed at the  conc lus ion  of  the  
expe r imen t ,  unde r  e the r  anesthesia ,  and  the  bra ins  were 
r emoved  and per fused  wi th  Formal in .  The  tissue samples  
were then  sec t ioned  and  s ta ined wi th  G r oa t ' s  h a e m a t o x y l i n  
and phloxine .  The loci of  p l acemen t s  were checked  against  
the  De Groo t  atlas. In each case the  two cannu la  t racks  
ended  in the immedia t e  vicini ty of  the  LH and ACO, 
respectively.  The  ranges of  De G r o o t  coord ina tes  for  the  
two loci were (i) for  the  LH, A = + 5.4 +- 0.3,  H = -2.6 -+ 
0.4, L = + 1.8 + 0.5;  (ii) for  the  ACO, A = + 4.6 -+ 0.4,  H = 
-3 .7+-0 .5 ,  L = + 3 . 8 +  1.0. 

RESULTS 

The results  are shown  in Table  1. The data  were 
subjec ted  to r a n d o m i z e d  b locks  analysis of  variance using 
the  mean  square  error ,  F (5 ,30 )  = 4.39,  a = 0.05.  Rodger ' s  
[ 4 ] ,  p l anned  cont ras t s  were appl ied to the  data  ( th is  
t e chn ique  allows direct  compar i son  of  t r ea tmen t s ) .  This  
showed  t h a t  Cond i t ions  B, E and  F were no t  s ignif icant ly  
d i f fe rent  f rom Cond i t i on  A (doub le  p lacebo) ;  tha t  Condi-  
t ion  C (adrenergic  s t imu la t ion  of  the  LH) was s ignif icant ly  
d i f fe rent  f rom these o the r  4 cond i t ions ;  and  tha t  Cond i t i on  
D (adrenergic  s t imu la t ion  of  the  LH and ACO) was 
s ignif icant ly  d i f fe ren t  f rom C o n d i t i o n  C. 

T A B L E  1 

MEAN FOOD INTAKE UNDER SIX DIFFERENT 
TREATMENTS 

Injected into Injected into Mean 
Lateral Amygdaloid Food Intake 

Hypothalamus Cortical Nucleus (g) 

A Placebo Placebo 

B Placebo Noradrenaline 

C Noradrenaline Placebo 

D Noradrenaline Noradrenaline 

E Phenoxybenzamine Noradrenaline 
or Tolazoline 

F Noradrenaline Phenoxybenzamine 
or Tolazoline 

1.1 

1.6 

2.2* 

3.4-~ 

1.4 

1.8 

*Significantly greater than A, p<0.05 
]Significantly greater than C, p<0.05 

This is the  same p a t t e r n  of  results  as for  the  previous  
s tudies  on  dr inking.  The  e l ic i ta t ion  of  increased food  in take  
in the  sa t ia ted  rat  by  adrenergic  s t imu la t ion  of  the  lateral  
h y p o t h a l a m u s  was conf i rmed ,  and it was fu r the r  found  t ha t  
s imul t aneous  adrenergic  s t imu la t ion  of  the  amygdalo id  
cort ical  nucleus  a u g m e n t e d  this  increase.  However ,  s imulta-  
neous  b lockade  wi th  adrenergic  an tagonis t s  in the  amygda-  
loid cort ical  nucleus  r educed  eat ing to con t ro l  level. The  
lack of  response  by  the  amygda lo id  cort ical  nucleus  to 
adrenergic  s t imu la t ion  in the  sa t ia ted  rat ,  unde r  s imulta-  
neous  adrenergic  b lockade  of  the lateral  h y p o t h a l a m u s ,  was 
also d e m o n s t r a t e d .  

DISCUSSION 

The  conclus ions  f rom the  previous  two  expe r imen t s  
regarding the  func t iona l  re la t ionships  be tween  the  init ia-  
to ry  and  m o d u l a t o r y  circuits  in con t ro l  of  dr inking  are thus  
e x t e n d e d  to eat ing.  The  func t iona l  re la t ionsh ips  of  neura l  
circuits p roposed  earlier [ 6 ] ,  are also seen as appl icable  to  
ea t ing behavior ,  and  the  general i ty  of  these  re la t ionships ,  
wh ich  were original ly p roposed  largely on  the  basis of  
f indings wi th  chol inergic  s t imu la t ion  and  dr inking,  is 
suppor ted .  



LH AND A M Y G D A L A  C O N T R O L  OF E A T I N G  907 

REFERENCES 

1. Chisholm, B. and G. Singer. A new type of cannula for central 
administration of drugs in rats. Physiol. Behav. 5: 1069-1070,  
1970. 

2. Coury, J. N. Neural correlates of food and water intake in the 
rat. Science 156: 1763-1765,  1967. 

3. Grossman, S. P. Effects of chemical stimulation of the septal 
region on motivation. J. comp. physiol. Psychol. 58: 194-200,  
1964. 

4. Rodger, R. S. Intermediate Statistics Sydney: University Coop. 
Bookshop, 1965. 

5. Singer, G. and R. B. Montgomery. Functional relationship of 
lateral hypothalamus and amygdala in control of drinking. 
Physiol. Behav. 4: 505-507,  1969. 

6. Singer, G. and R. B. Montgomery. Functional relationships of 
brain circuits in control of drinking behavior. Life Sci. 9: 
91-97 ,  1970. 


