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A ROBUST eating response can be elicited in the rat by 
Injecting/-noreplnephrme (NE) directly into the anteromed- 
lal hypothalamus [5.9. 18]. or by electrically stimulating the 
lateral hypothalamus [22.24] Historically. the discovery of 
each of these elicited eating responses stimulated a some- 
what Independent line of  investigation, and each has resulted 
in an elaborate description of a forebraln neural mechanism 
controlling feeding behavior (for examples see [14. 17. 37. 
40]) No studies, however, have directly explored the mter- 
relationship of  these brain feeding mechanisms 

Lelbowitz [19] has proposed that eating elicited by central 
NE injection is mediated by a-adrenergic receptors in the 
hypothalamlc paraventncular nucleus (PVN) It has been 
shown that the PVN is the most sensitive brain site for elicit- 
mg this eating response [9.18]. and that a preceding Injection 
of an a-adrenerglc receptor blocking agent, such as phen- 
tolamlne, attenuates the NE-ehclted eating response [6. 16. 
33] Exogenous NE may stimulate feeding by inhibiting hy- 
pothalam,c neurons, since mlcrolontophoretically apphed 
NE has been shown to exert an Inhibitory influence on hypo- 
thalamlc neurons [3] Consistent with this hypothesis is the 
finding that PVN lesions result In hyperphagla and obesity 
[11.21]. this suggests that the PVN may indeed play an ,m- 
portant role in spontaneous feeding Recent evidence [13] 

also suggests that the PVN may be the rostral focal point of 
fibers coursing through the ventromedlal hypothalamus 
which, when lesioned, result m the well-known syndrome of 
hyperhagla and obesity 

Eating m response to electrical brain stimulation (EBS) 
occurs most effectively when electrodes are placed at the 
level of the ventromedlal nucleus, in the penfornical hypo- 
thalamlc area or m the lateral hypothalamlc medial forebraln 
bundle [39] This response can also be ehoted  from brain loci 
extending caudally along the path of  the medial forebraln 
bundle to the ventral tegmental area of Tsai [38] However .  
because of the diffuse orgamzation of this area. the neural 
elements mediating the ehctted eating response have not 
been positively Identified It has been proposed, however. 
that EBS-ehclted eating may be mediated by dopamlne- 
containing fibers arising from mldbram cell groups, which 
course through the lateral hypothalamus and terminate m 
extrahypothalamlc forebrain structures [26.31] This hy- 
pothesis is based on the findings that systemic injection of 
dopamlne receptor blocking agents such as haloperidol [28]. 
and the mtraventncular injection of the neurotoxln 
6-hydroxydopamlne (6-OHDA) [26.27]. each rehably at- 
tenuate feeding in response to EBS 

While distinct hypothalamlc mechanisms have been char- 
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acterlzed as mediating the EBS- and NE-ehclted eating re- 
sponses, the possible interaction of  these mechanisms has 
not been investigated Eating responses to central NE InJec- 
tion and EBS bear striking behavioral similarities For 
example, both responses can be viewed as motivated rather 
than reflexive, in that the animal will modify its sequence of 
motor responses in order to obtain and consume the food [7, 
8, 36] Furthermore, both responses occur m conjunction 
with other prandlal responses, such as drinking, sniffing, and 
grooming (17,37] In addition, chronic administration of  both 
NE [30] and EBS [35] appear to Induce eating that will over- 
ride body weight regulation In light of  these similarities, we 
have explored the posslblhty that the hypothalamlc mech- 
amsms medmtlng these responses are parts of a unitary fore- 
brain feeding system In Experiment l, we evaluated the 
effect on feeding of simultaneously stimulating both systems 
In Experiment 2, we attempted to determine whether the 
integrity of the a-adrenerglc receptors in the anteromedlal 
hypothalamlc area is critical for the ehcltatlon of eating in 
response to EBS We found a surprising degree of  indepen- 
dence between the systems mediating these two elicited 
feeding responses 

EXPERIMENT 1 

METHOD 

Subje~ ts 

Male Sprague-Dawley rats (325-375 g), anesthetized with 
Nembutal (50 mg/kg), were each implanted with a bipolar 
stainless steel electrode (Plastic Products MS 303/1) aimed at 
the left lateral hypothalamus (LH), and a 23-gauge cannula 
aimed at the lpsllateral anteromedlal hypothalam~c area For 
implantation of the electrode, the nose bar was set at 5 2 mm 
below the lntra-aural hne and the stereotaxlc coordinates 
were the midpoint between iambda and bregma, 1 7 mm lat- 
eral to the mldsaglttal suture, and 8 5 mm below the surface 
of the skull For the cannula implantation, the nose bar was 
set 3 1 mm above the lntra-aural hne and the stereotaxlc 
coordinates were 0 2 mm caudal to bregma, 0 3 mm lateral to 
the mldsaglttal suture, and 8 2 mm below the surface of the 
skull The electrode and cannula were cemented to the skull 
with dental acryhc Stmnless steel screws anchored the 
acrylic fixture to the skull 

The first half of all the animals used in the experiment 
were implanted with the cannula and electrode dunng a 
single operation For the remaining rats, we found that it was 
more efficient to implant each animal Initially with the elec- 
trode only, after recovering from surgery, those rats exhibit- 
Ing eating in response to electrical brain stimulation (EBS) 
underwent a second operation in which they were implanted 
with the drug injection cannula After surgery, the rats were 
housed individually and maintained on Purina pellet chow 
and water ad hb under a 12-hour hght/dark cycle 

A p p a r a t u s  

During all testing procedures, animals were removed 
from the cages in which they were housed and placed in 
Plexlglas cages (20×20×20 cm) with stainless steel grid 
floors Prior to all feeding tests, the rats were each injected 
(over a period of a few seconds) with 40 nmoles of 
/-noreplnephrlne-d-bltartrate (NE) dissolved in 0 5 p.i sterile 
physiological saline, or with the vehicle alone Drugs were 
injected through a 10-/xl Hamilton synnge Immediately fol- 

lowing the drug injection, each rat was connected to an elec- 
trical stmmlator through a commutator which permitted 
the animal to move freely 

Electrical brain stimulation consisted of  60 Hz sine waves 
delivered in 30-sec trains Each trial consisted of a 30-sec 
train of stimulation and was separated by a 30-sec inter-trial 
interval A dally test consisted of 20 tnals During all trials, 
stimulation was continuously monitored through the use of a 
cathode ray oscilloscope, reading the voltage drop across the 
animal A 1 5 mO resistor was placed In series with the rat to 
achieve a relatively constant current Dunng the inter-trial 
Interval, the experimenter set the current intensity by read- 
lng the voltage drop across a 10 kf~ resistor The current 
flow was caluclated utilizing the root mean square of the 
peak to peak voltage 

S~ r e e n m g  

After a one- to two-week post surgery recovery period, 
each animal was screened for eating in response to EBS and 
NE The food used dunng all screening and testing proce- 
dures consisted of powdered lab chow and sweetened con- 
densed milk mixed and then rolled into a ball For the EBS 
screening tests, the rat was placed in the test cage with fresh 
food for a 35-mln adaptation and satiation period At the end 
of the satiation period, the rat was connected to the 
stimulator and tested for eating in response to EBS during a 
20-trial session On the initial trial, the current intensity was 
set at four to eight p~A On subsequent trials, the current was 
incremented in 15 tzA steps until the animal exhibited 
arousal (locomotion or sniffing) or orientation toward the 
food Current levels within the range of Intensities that ehc- 
ited these responses were repeated until a total of 20 trials 
had been conducted Each rat was tested at least two times 
on separate days 

Animals that ate in response to EBS were then screened 
(on a different day) for eating responslvlty to NE injection 
under testing conditions comparable to those used to assess 
EBS-ellclted eating After the satiation period and just pnor 
to the 20-rain test, each rat was injected with NE through the 
chronically implanted brain cannula The food was weighed 
before and after the 20-mln test Rats that ate in response to 
both EBS and NE injection were tested daily either under 
EBS, NE or vehicle conditions until the eating responses 
became stable with respect to electrical threshold and the 
amount of food ingested 

All animals used in the experiment exhibited a reliable 
eating response of one gram greater than baseline to (a) a 
consistent (within 9 /zA) range of electrical stimulation in- 
tensities and (b) a central injection of 40 nmoles of NE over a 
period of several days Nine rats, of approximately 45 that 
underwent surgery, maintained both eating responses and 
were ultimately used in the experiment 

Pro~ edure 

Animals were tested at the same time dally throughout the 
actual experiment A 35-min satiation period immediately 
preceded all tests The satiation procedure consisted of plac- 
ing the animal in the test cage with a pre-welghed milk mash 
ball Food intake dunng this initial period averaged 3 9 g 
(+0 11) and did not differ across conditions Immediately 
following the satiation period, the animals were injected with 
NE (40 nmoles) or saline and then connected to the 
stimulator The 20-rain test session, during which the rats 
received EBS or No-EBS, began immediately thereafter 
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During the EBS condition, a test consisted of 20 stlmulaUon 
tnals each of 30-sec duration, separated by a 30-sec inter- 
trial interval The experimenter recorded the latency and 
duration of eating during each trial and inter-trial interval 
The level of stimulation was varied between trials so that 
each rat received an approximately l0 /xA range of current 
intensities spanning sub-threshold through supra-threshold 
levels The procedure was designed so that each rat ate dur- 
ing approximately l0 of the 20 test trmls in response to EBS 
Each rat received identical levels of electrical stimulation 
during all EBS conditions During the No-EBS condition, 
identical procedures were followed, but no current was 
passed through the ammal Food intake was measured at the 
end of each test session 

The four conditions of the experiment were sahne/No- 
EBS, NE/No-EBS,  sahne/EBS and NE/EBS The sequence 
of drug conditions, sahne-NE-sahne, was repeated four 
times m each animal Thus two "sahne" days separated each 
'drug" day Two drug sequences were run in conjunction 

with the EBS condition, and two were run m conjunction 
with the No-EBS condition The order of the electrical 
stimulation conditions was counterbalanced 

Three of the eight rats tested in this experiment exhibited 
EBS-ehclted eating thresholds that were lower than l 4/~A 
Since our stimulation apparatus did not permit us to dehver a 
current below that level, we stimulated them at l 4 to l0 4 
p.A throughout the 20-trml test Thus, the animals received 
supra-threshold stimulation for all 20 test trials Because of 
this difference in treatment, these three rats were analyzed 
as a separate group (Subsequent to this experiment, we 
built a square wave stimulator which permitted us to dehver 
lower levels of stimulation (monophaslc square waves of  0 1 
msec duration) We tested rats exhlbmng low thresholds for 
EBS-ehclted eating, and found that, although they were un- 
usually sensitive to EBS, they exhibited stable thresholds for 
EBS-ehoted eating ) 

RESULTS 

For the five rats exhibiting normosensltive eating in re- 
sponse to EBS. we found that food intake in response to 
simultaneous NE and electrical brain stimulation was signifi- 
cantly greater than to either stimulation condmon alone 
Figure 1 represents mean food intake during the 20-mln ses- 
sion m response to each experimental treatment A smgle- 
factor analysis of varmnce revealed a significant difference 
across conditions. F(3.12)=22 084. p < 0  01 Tukey's  test for 
paired comparisons revealed that food retake in response to 
the NE/EBS treatment was s~gnlficantly greater than food m- 
take in response to NE/No-EBS, q(4,12)=20 3, p < 0  01, and 
sallne/EBS, q(4.12)=23 7. p < 0  01 Furthermore. food intake 
during simultaneous drug and electrical stimulation 
(NE/EBS) was almost precisely equal to the sum of the re- 
sponses to each stimulation condition alone (NE/No-EBS 
and sahne/EBS) A contrast analysis was performed to de- 
tect any slgmficant deviation from addltlvlty by companng 
the differences between the sum of the mean food intake 
scores in response to NE/No-EBS and to sahne/EBS with 
the sum of the scores in response sahne/No-EBS and 
NE/EBS This comparison showed no slgmficant devmtlon 
from addltlVlty, F(1,12)=0 176, p > 0  25 

When a NE injection (as opposed to sahne injection) pre- 
ceded the test session, eating in response to EBS occurred 
more frequently and for longer durations both during trmls 
and inter-trial intervals In the sahne/EBS condition, eating 
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FIG 1 Feeding behawor m animals (n=5) exhibiting normosensl- 
tive current thresholds in response to electrical brain sUmulatlon 
Food intake was measured in response to medial hypothalamlc re- 
jection of saline and norepmephnne with and wRhout simultaneous 
lateral hypothalamlc electrical brain stimulation All rats were tested 
m each experimental condition 

was confined almost exclusively to the stimulation periods of 
the test session, with the rats spending an average of 190 sec 
eating during the EBS trials as opposed to 35 sec during the 
Inter-trial intervals This contrasts with the NE/EBS condi- 
tion. in which the rats spent an average of 351 sec eating 
during the EBS trials and 204 sec during the inter-trial inter- 
vals Rats exhibited eating dunng more trials in the NE/EBS 
test session (15 2 positive trials) than in the sallne/EBS ses- 
sion (10 4 positive trials), and the mean duration of the eating 
response during these positive 30 sec trials was greater In the 
NE/EBS test (22 0 vs 17 8 sec) The magmtude of  the differ- 
ences dzsplayed on each of  these measures (between sahne/ 
EBS and NE/EBS conditions), although generally large, was 
extremely variable across animals, and therefore failed to 
reach slgnLficance In some cases, during the NE/EBS con- 
dltlOn, the animal would display a bout of  eatmg that ap- 
peared to be continuous throughout stimulation trials and 
inter-trial intervals Interestingly, when the eating bout had 
ended, the current threshold for ehclted eating on the re- 
maining test trials appeared to be the same as that seen when 
saline injection preceded the EBS test 

The additional three rats that exhibited uniquely low cur- 
rent thresholds for EBS-ehclted eating received current 
levels that far exceeded threshold levels on almost all stimu- 
lation trials Figure 2 represents the mean food intake during 
the 20-min test session for each experimental condition Dur- 
ing the sallne/EBS condition, these animals exhibited a large 
eating response of approximately 12 7 g (--_ 1 2) This re- 
sponse appeared unaltered by NE injection, which in the 
No-EBS condition produced an eating response of 3 7 g 
( - 0  8) Since. under any circumstances, we have rarely ob- 
served satiated animals eating much more than 12 g during a 
20-mln test session, the failure of NE to potentiate the EBS 
response, in the manner demonstrated by animals with 
higher thresholds (Fig 1). may reflect a celhng effect due to 
the large amount of food eaten The possibility of an interac- 
tion at high levels of stimulation cannot, however, be ruled 
out 
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FIG 2 Feeding behawor ,n ammals (n=3) tested only at supra- 
threshold current mtensmes m responses to electrical brain stimu- 
lation Food retake was measured ,n response to medml hypotha- 
lam,c reJection of sahne and norepmephrme w~th, and w,thout s,mul- 
taneous lateral hypothalam~c electrical brain stlmulat,on All rats 
were tested m each exper, mental cond~t,on 

FIG 3 Food retake m response to hypothalamlc norepmephrme 
rejection and electrical brain st,mulat,on w~th and wtthout a preced- 
ing central ,nject~on of phentolamme All rats (n=5) were tested m 
each experimental cond,t~on 

Fo r  these  low th resho ld  rats ,  the n u m b e r  of  posi t ive  eat- 
lng t n a l s  and  the  dura t ion  of  ea t ing dur ing E BS  trials did not  
a p p e a r  to differ for  the s a h n e / E B S  vs the  N E / E B S  condi-  
t ions  (17 8 vs 19 2 posi t ive  tr ials ,  and  21 4 vs 20 7 sec dura-  
t ion,  respec t ive ly)  These  animals ,  howeve r ,  appea red  to 
spend  more  t ime eat ing dur ing the  inter- tr ial  in terval  of  the 
N E / E B S  tes t  than  the s a h n e / E B S  tes t  (108 vs 19 sec,  re- 
spect ively)  

DISCUSSION 

The  fact  tha t  we could de tec t  no s t rong ev idence  for an 
in te rac t ion  b e t w e e n  these  s t imula t ion  condi t ions ,  at rela- 
t ively high levels  of  drug and  e lect r ica l  s t imula t ion ,  led us to 
hypo thes i ze  tha t  the  sys tems  media t ing  eat ing in r e sponse  to 
hypo tha l amic  N E  inject ion and  E B S  may  be independen t ly  
regula ted  E x p e r i m e n t  2 was c o n d u c t e d  as a first a t t empt  to 
explore  this  hypo thes i s  

E X P E R I M E N T  2 

In this  expe r imen t ,  we a t t e m p t e d  to de t e rmine  the ,mpact  
on EBS-ehc i t ed  eat ing of  pharmacolog ica l ly  inact iva t ing  the 
a - ad rene rg i c  r ecep to r s  of  the  P V N ,  which  are be l ieved  to 
media te  the  N E - e h c i t e d  eat ing r e sponse  We c o m p a r e d  the 
effect  of  hypo tha lamlc  re ject ion of  phen t o l am l ne  (Pht) ,  an 
a - ad rene rg l c  r ecep to r  b locker  on  NE-  and on EBS-ehc l t ed  
eat ing in the same animal  

METHOD 

Subje~ ts 

The  five ra ts  used in this  e x p e r i m e n t  had prev ious ly  been  
tes ted  In the parad igm desc r ibed  in E x p e r i m e n t  1 Two were  
a m o n g  the five ra ts  w h o s e  da ta  a p p e a r  in Fig 1, two were  
among  those  who  had  d isp layed  low cur ren t  t h re sho lds  (Fig 
2) One  was tes ted  but  not  used in E x p e r i m e n t  1 because  its 

eat ing r e sponse  to N E  reJection did not  rel iably exceed  its 
r e sponse  to saline m the  N o - E B S  condi t ion  Howeve r ,  this  
r a t ' s  ea t ing  r e sponse  to cent ra l  N E  inject ion subsequen t ly  
s tabi l ized,  and  it was the re fo re  included in this  expe r imen t  

Pro~ edure 

Test ing  p rocedures  were  identical  to those  used in Exper-  
iment  1 excep t  for the  modlf ica t ,ons  no ted  here  To assess  
the  effect  of  Pht  on  the  NE-ehc l t ed  eat ing re sponse ,  we first 
in jected the animals  with  Pht  HC 1 (60 nmoles  in 1 0/xl sterile 
water ,  in jected ove r  a per iod of  approx ima te ly  7 seconds)  or 
wi th  the vehicle  a lone  Five  minu tes  later,  they rece ived  
a n o t h e r  in jec t ion of  e i the r  N E  (40 nmoles  m 0 5/z l  of  steri le 
sal ine,  reJected over  a per iod of  a few seconds)  or  the  vehi- 
cle A 20-mln tes t  sess ,on  ,dentlcal  to that  used m the 
N o - E B S  condi t ion  of  E x p e r i m e n t  I immedia te ly  fol lowed 
the  second  inject ion 

To de t e rmine  the effect  of  Pht  on  EBS-ehc l t ed  eat ing,  the 
an imals  were  Injected wi th  e i the r  Pht  (60 nmoles)  or  wa te r  
jus t  pr ior  to a 20-rain tes t  A dose  of  60 nmoles  of  Pht  was 
se lec ted  because  h igher  doses  have  been  found  to cause  a 
suppres s ion  of  spon t aneous  feeding [17] During each  EBS 
test ,  the  cu r ren t  in tens i ty  was var ied  to assess  the  th resho ld  
for  el ici ted eat ing A modif ied me thod  of  cons t an t  st imuli  
was  used A 10-/xA range  of  cu r ren t  in tensi t ies  spann ing  
sub- th re sho ld  th rough  sup ra th re sho ld  levels  was  se lec ted  for  
each  rat The  20-trial tes t  sess ion  cons i s ted  of  four  a scend ing  
b locks  of  five trials Within  a block,  the  in tens i ty  was in- 
c r e m e n t e d  ,n 2 / z A  s teps  f rom one  trial to the  next  A daily 
th resho ld  was de t e rmined  by ca lcula t ing  the a r i thmet ic  mean  
of  the  th re sho ld  for each  b lock  of  trials 

As m E x p e r i m e n t  l, the e x p e r i m e n t e r  r eco rded  the  la- 
t ency  and  dura t ion  of  all eat ing r e sponses  dur ing each  trial 
and  inter- t r ia l  in terval  Food  in take  was measu red  at the  
beg inn ing  and  end  of  each  tes t  sess ion  

Thus  eat ing m r e sponse  to water /sa l ine ,  w a t e r / N E  and  
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FIG 4 Effect of hypothalamlc mjectmn of phentolamme on four parameters of eating m 
response to electrical brain stimulation current threshold for ehcltaaon of eating, latency 
to eat after onset of stimulation, duration of eating response dunng 30-sec st~mulatton 
trial, and number of posmve response trials m a 20-trml test 

Pht/NE was measured, In the absence of  EBS, to determine 
the impact of Pht on NE-ehclted eating Two water/saline 
days separated each drug day Drug conditions (water/NE 
and Pht/NE) were given In an ABBA sequence beginning 
with the water/NE condition The conditions used to deter- 
mine the impact of Pht injection on EBS-ehcited eating were 
water/EBS or Pht/EBS The sequence, water-Pht-water, was 
given two times to each animal in conjunction with EBS The 
order of NE vs EBS conditions was counterbalanced across 
animals All animals were tested in all treatment conditions 

Htstologtcal Analysts 

After completion of  this experiment, the rats were 
anesthetized and guillotined Their brams were removed 
from the skull and placed in a 10% formalin solution contain- 
mg 30% sucrose Alternate frozen sections, 50/x thick, were 
stained with cresyl violet Cannula and electrode tips were 
localized with the aid of a stereotaxic atlas [15] 

RESULTS 

As can be seen in Fig 3, the food intake response elicited 
by NE was attenuated by 68 2% after injection of Pht into the 
anteromedial hypothalam~c area This feeding suppression, 
observed when an injection of  Pht preceded the NE lnjec- 
uon, was slgmficant, t(4)=4 406,p<0 02 This contrasts with 
EBS-ehclted eating, which in the same rats remained unal- 
tered by this a-adrenerglc receptor antagonist, t (4)=l  875, 
p > 0  10 Food intake was less in response to central NE 
reJection than to EBS, although this difference was not 
statistically significant, t(4)--2 178, p > 0  05 To determine 
whether the higher food intake response to EBS could ac- 
count for the failure of  Pht to suppress eating in this condi- 
uon, we evaluated the effect of  Pht in three rats w~th low 
food intake scores The mean food intake m response to EBS 
was 4 9 g - 0  40 and 4 6 g -+0 049 in the Pht and vehicle 
condmons, respectively To explore further any possible ef- 
fect of Pht injection on EBS-ehclted eating, we comp~ared a 
variety of response parameters after central Pht and vehicle 
injection As shown in Fig 4, Pht produced no change m 
current threshold for ehcltatlon of  eating, mean latency to 
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FIG 5 Schematic representaaon of cannula placements for central 
drug rejections (Taken from [15]) 

eat or the number of posltlve responses made dunng a test 
session 

H~stologlcal analysis of cannula placements was con- 
ducted by localizing what were judged to be the center points 
of  the 23-gauge cannulas Four cannula tips were located 
either just above or along the dorsal edge of the PVN at its 
antenor portion Three cannula tips were more posteriorly 
placed, approximately 0 5 to 0 7 mm posterior to the PVN in 
the area of  the nucleus reumens or the penventncular nu- 
cleus Two cannula tips were approximately 0 4 mm anterior 
to the PVN bordenng the antenor hypothalamus and the 
nucleus periventrlcular stellatocellulans All placements 
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FIG 6 Schematic representation of electrode t~ps tot EBS (Taken 
from [15]) 

were thus found to he in the medial hypothalamw area where 
NE is most effective m ehcltmg eating [18] 

The electrode tips were placed more postenorly, two at 
the level of the ventromedlal nucleus and seven at the level 
of the postenor hypothalamus Three tips were m the medial 
forebram bundle, two were m the zona mcerta, and three 
were m the H2 field of Forel 

DISCUSSION 

Since the Pht injected into the anteromedml hypothala- 
mus attenuated NE-ellclted eating and, m the same animals, 
had no apparent effect on EBS-ehclted eating, we suggest 
that the functional mtegnty of these c~-adrenerglc receptors, 
which appear to medmte NE-ehclted eating, Is not critical for 
the manffestaUon of EBS-ehclted eating 

G E N E R A L  DISCUSSION 

The fact that we could detect no anteractlon after simulta- 
neous actwatlon of the NE- and EBS-ehclted eating mech- 
anisms suggests that the brain systems medmtmg these re- 
sponses may be independent Addmve increases m food m- 
take after simultaneous electrical and NE brain stimulation 
can be interpreted to reflect medmuon by independent sys- 
tems ff the level of sUmulaUon used (for each stimulation 
condmon alone) y~eids close to a maximal behavioral re- 
sponse, i e ,  if one system were saturated, an increase in 
feeding due to an additional kind of stimulation would have 
to be the result of activation of a second system An addltwe 
increase would further suggest that the two systems involved 
are not mutually facdttatlve or inhibitory 

An attempt was made to utlhze high levels of stimulation 
in this study However,  this goal was somewhat restncted by 
the requirements that the feeding response to each stimula- 
tion condmon (1) did not outlast the 20-mm test session, and 
(2) was not so high as to preclude the posstblhty of our ob- 
serwng (by wrtue of a ceiling resulting from excessive food 

intake) an addmve or multlpllcatlve increase m feeding dur- 
ing the combined stimulation condmon The magmtude of 
the eating response we observed to samultaneous NE and 
EBS exceeded the maxamum feeding response we generally 
observe to the highest level of NE or EBS stamulaUon alone 
(unpublished data) Thus, the additive increase m food m- 
take suggests that these responses are mediated by rode- 
pendent brain systems 

In Experiment 2 we found that Pht, an ~-adrenergac 
antagomst, attenuated NE-ehclted eating, but had no ampact 
on the EBS-ehclted eating response Thas difference as not 
attributable to the difference m food retake scores resulting 
from these treatments since Pht dad not suppress feeding m 
rats wath low food intake scores Thus, the ~-adrenergac re- 
ceptors m the anteromedml hypothalamus, which appear to 
mediate the NE-ehclted eating response, are not essentaal 
for mamfestatlon of EBS-ehclted eating Furthermore, the 
fact that these two samllar eating responses can be dffferen- 
trolly affected under comparable experimental conditions 
demonstrates that the response decrement produced by Pht 
on NE-ehclted eating cannot be attributed to broad behav- 
ioral deficats 

In this report, we have shown that the eating responses 
elicited by two different mampulatlons wathm the dv 
encephalon may occur independently of each other 
Whereas this appears to indicate that the brain systems 
medmtlng these responses functaon Independently at thas 
level of the neuraxls it leaves open the question as to the 
extent of thear interaction at other levels of the nervous sys- 
tem Each of the forebram feeding mechamsms that we have 
actwated has been conceived as the dlencephahc component 
of a longitudinal system which extends caudally to the hand- 
brain With regard to electrically ehcated feeding, Waldbdhg 
[38] has mapped effecuve brain loc~ along the path of the 
medial forebraln bundle, caudal to the level of the ventral 
tegmental area ofTsal  Dopamme-contaamng neurons appear 
to medmte this goal-directed feeding response to EBS at 
these brain sites [26 28] Electrical stamulat|on of more 
posterior brain sites m the dorsal pontme tegmentum which 
are devoad of DA-contammg neurons has been found to 
ehclt a more reflexave feeding response whach occurs even m 
the absence of an appropriate goal object [4,23] Dopamme- 
containing fibers m the LH also appear to mediate the re- 
warding effects of EBS (e g , [27]) Lateral hypothalama~. 
EBS may Induce feeding by enhancing the rewarding effects 
of food and/or food-related stlmuh 

With regard to neurochemacal systems ehcltmg feeding 
behawor, Lelbowatz [18] and Lelbowltz and Brown [20] 
studying noradrenerglc drugs, and Gold et al [13] investigat- 
ing ware knife cuts, have suggested that the PVN ~s the ros- 
tral focal point of a longitudinal neural carcuat revolved m 
feeding Leabowatz has found the PVN to be the most effec- 
Uve site for ehclted feeding after NE mjecUon with the 
enUre penventrlcular zone of the daencephalon exhabltmg a 
moderate degree of sensmvaty Furthermore, Le~bow~tz and 
Brown have recently adenufied ascending catecholamme 
projections an the dorsal mldbram tegmentum which appear 
to innervate specafic noradrenerglc receptors m the PVN 
mediating feeding The work of Gold suggests that cells m 
the PVN or a region just ventral and rostro-caudally coex- 
tensive with the PVN send descending projections through 
the lateral hypothalamus and Into the mldbraln The precise 
path of these fibers, and thear target areas have not as yet 
been dehneated These fibers may include, but do solely 
consist of those mediating the eating response to central NE 
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mject~on Future  invest igat ion may reveal  a posssble ln- 
t e r achon  o f  the sys t ems  medmting EBS- and NE-ehc , t ed  
feedmg at brain levels caudal to the d~encephalon 

The role of  each  of  these  feeding sys t ems  in naturally 
occurr ing behav ior  remains  elustve The me tabohc  and/or  
e n w r o n m e n t a l  signals which  tr igger these  sys t ems  are not 
well under s tood  Howeve r ,  the vagus nerve  ~s an ,mpor tan t  
efferent  hnk through which both  central  NE and EBS appear  
to influence b e h a w o r  Subdlaphragmat lc  vago tomy has been  
shown to abohsh  both  NE-  and EBS-ehc~ted eat ing [1, 29, 
32] Moreover ,  ev idence  exists  suggest ing that  medml hypo-  
thalam~c NE mjechon  and lateral hypotha lamlc  electr ical  
st,mulat~on act s~mllarly to inf luence a variety of  d,gest~ve 
p rocesses  For  example ,  both  have been  shown  to increase  

pancrea t ,c  re lease  o f  msuhn  [10,34] In hght o f  the fact  that  
N E  may exer t  ~ts influence on feeding by mh~b~tmg neuronal  
firing m the medml hypotha lamus  [3], ~t ~s no tewor thy  that  
electrical  st~mulahon of  the medml hypo tha lamus  causes  a 
decrease  m lnsuhn release [12] S,mfiarly. lateral hypotha-  
lam~c EBS increases  gastric motd~ty [2], gastric re lease  of  
pepsin  [25], and blood flow to the gut [2], whde  medml hypo-  
thalam~c EBS causes  a dec rease  m the magmtude  of  these  
d~gest~ve events  Autonomic  nervous  sys tem achvat~on dur- 
ing naturally o c c u r n n g  feeding is partially unders tood  
Fur the r  knowledge  as to how the brain feeding sys t ems  
stud~ed here interact  w~th the au tonomic  nervous  p roces ses  
is hkely to shed hght on the funct ional  role of  these  brain 
sys tems  in naturally occurr ing behav ,o r  
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