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KRUISSINK, N , J VAN DER GUGTEN AND J L SLANGEN Short-term feeding-related changes tn medlodorsal 
hypothalamwcatetholammere/ease PHARMACOLBIOCHEMBEHAV24(3) 575-579, 1986 --Release of noradrenahne 
(NA), adrenahne (A) and dopamme (DA) was measured m vtvo per minute before and after food presentatton m satiated 
rats that had a cannula m the medtodorsal hypothalamlc area (MDH) Release of NA was significantly increased above 
basehne dunng a period of a few minutes m wh.ch feeding took place In the period following feeding there were peaks m 
the release of both NA and A In DA release no changes were observed Since a stattst.cal correlaUon between release of 
NA or A and locomotor actlwty was not found, it .s suggested that the increased release of NA and A ~s specifically related 
to food-motivated behavior 
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Medtodorsal hypothalamus Feeding Locomotor acttvlty 

Push-pull perfus~on 

T H E R E  is evtdence that catecholamme (CA) neuron sys- 
tems that innervate the hypothalamus are involved m feeding 
behavtor The dorsal part of the catecholamlnergtc central 
tegmental tract has been ascnbed a stlmulatory function m 
feedmg behavtor, whereas the ventral part of the central 
tegmental tract has been attributed an mhlbttory functton, 
smce lestons of the dorsal and ventral part result m, respec- 
ttvely, hypophagta and hyperphagla m rats [1,13] Ftbers 
from the dorsal and ventral parts of the central tegmental 
tract predominantly have termmatlons m the medlodorsal 
and medioventral hypothalamlc areas, respecttvely [14] Ac- 
cordmgly, lestons m the dorsomedml nucleus (DMN) 
produce hypophagta [3], especially in young rats, whereas 
les~ons in the area surroundmg the ventromedtal nucleus 
cause hyperphagta [6] Furthermore, local tnjectlons of 
noradrenahne (NA) and adrenahne (A) into the medtodorsal 
hypothalamtc area (MDH) of the rat can reduce feedmg [7, 
11, 18], m contrast to dopamme (DA) and A injections into 
the lateral perlformcal area whtch inhibit feeding [12] 

More direct evidence for a role of bram catecholammes ,n 
feeding behavior has come from the findmg that NA ts re- 
leased durmg circumstances that mduce feeding Both con- 
centrattons and turnover of endogenous NA m the penform- 
cal hypothalamus (PFH) and the DMN were shown to be 
elevated m groups of rats wtth high feeding rates compared 
w.th rats w.th a low feeding rate [21] When in the MDH of 
food-deprived rats release of NA was assessed m VlVO by 
means of a push-pull perfuston technique, a stgnlficantly 
larger etIlux of exogenous NA occurred dunng an mterval of 
feeding than before feeding [15] In vlvo release of both en- 
dogenous NA and DA from dtfferent hypothalam,c sttes was 
also measured simultaneously m rats that had continuous 

access to food [23] Comparison of 10 mm perfusate fracttons 
from before, durmg and after a period of spontaneous feed- 
lng revealed that there was a stattstlcally stgmficant increase 
m NA but not DA release from the MDH dunng feeding 
behavior No such an effect was observed in the subfornlcal 
hypothalamus 

The aim of the present study was to distinguish hypotha- 
lamlc CA release before, dunng and after the act of feeding 
by investigating the relatlonshtp between hypothalamlc CA 
release, feedmg and nonfeedmg behaviors m a more detaded 
way than m former studies [15,23] To this end the release of 
NA, A and DA was measured each mmute dunng a period of 
about 20 mmutes, m which feedmg was confined to a period 
of two mmutes As a consequence CA release could be re- 
lated to feedmg and nonfeedlng behavior and the release 
patterns before, dunng and after feedmg could be compared 
statistically Local injections into the MDH of both NA and 
A lead to an enhancement of feedmg behavtor [7,18] The 
MDH lS richly mnervated by terminals of both noradrenerglc 
and adrenerglc neuron systems [9, 14, 22]. For these rea- 
sons, in the present study release of  A was measured m 
addttlon to release of NA and DA Vanabdlty among sub- 
jects m CA release, due to properties of the push-pull perfu- 
s~on technique, has been taken mto account m the statistical 
analysts 

METHOD 

Animals 

Stx male Wtstar rats wetghmg approximately 250 grams 
were used They were housed mdtvtdually m macrolon home 
cages The animals had free access to water Standard lab- 
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FIG 1 Dmgrammatic representation of hypothalamic perfusion sites The loci are projected on frontal sections according to the atlas 
of Konlg and Khppel [10] Inferior numbers refer to mdwldual rats 

oratory food (Muracon I) was available ad hb unless other- 
wise stated Lights were on from 08 00 a m to 08 00 p m 
Room temperature was kept at 22-24°C 

Surgery 

The outer cannula of a concentric perfus~on system was 
stereotaxlcally implanted in the brain of a rat under 
anesthesia and fixed to the skull as prewously descnbed [23] 
The intended sate ofperfuston was the medlodorsal hypotha- 
lamic area (MDH) 

Pretreatment 

Following the operation the rats were allowed at least 
seven days for recovery When from changes m body 
weights it was concluded that growth following the operation 
was normal, food intake was recorded continuously during 
one night m the experimental cage (25 x 25 × 25 cm), eqmpped 
with a grid floor and a feedometer system that made Noyes 
pellets (45 mg) continuously available From the recordings 
it was decided whether the rats had retained a normal noc- 
turnal feeding pattern In addition each rat was allowed to 
stay once in the experimental cage between 02 00 and 04 00 
p m and to eat approximately ten Noyes pellets after each 
15 mm interval 

Push-Pull Perfuslon 

Push-pull perfusion took place between 02 00 and 04 00 
p m in unanesthet~zed rats, freely moving m the experi- 
mental cage Prior to an experiment the inflow and outflow 
topples on the removable inner part of the push-pull cannula 
system [23] were connected wa polypropylene tubing (inter- 
nal diameter 0 30 ram) to pieces of silicon rubber tubing 
(internal diameter 0.65 mm), mounted on a two-way swivel 
(internal volume of the outflow part was 1 5 p,l) and leading 
to two penstaltlc pumps (LKB, Vanoperpex ® II, 2120) The 
two-way swivel served to prevent that the in- en outflow 

tubing became twisted or was grasped by the animal A small 
pressure transducer (Entran Dewces, N J) was connected to 
the inflow tubing in order to check pressure in the course of a 
perfuslon experiment The complete tubmg system was filled 
with perfuslon fluid of the following composition 151 mM 
NaCI, 2 4 mM KCI, 1 1 mM CaCI_, and 4 4 mM reduced 
glutathlone, adjusted to pH 7 4 The loose end of the inflow 
tubing was immersed in a beaker containing the perfuslon 
fluid, and the inner cannula was inserted into the chronically 
implanted outer cannula The total volume of the tubing sys- 
tem from the t~p of the cannula to the site of collection 
amounted to 120 ~zl, approximately After the start of the 
experiment, the velocity of the perfuslon fired m the outflow 
tubing was measured in order to determine the delay in the 
collection of the neurotransmttters relative to the actual time 
of release 

The t~p of the inner cannula protruded 0 3 mm beyond the 
tip of the outer cannula The perfus~on was carried out at a 
rate of 20/~1 per minute for approximately one hour With 
each animal one peffuslon experiment was camed out 

In the first half hour the perfusate fractions were pooled 
Thereafter perfusate was collected continuously in l-rain 
fractions at the end of the outflow tubing, during approx- 
imately half an hour After collection of a peffusate fraction 
40 t~l of a ddutlve solution was added m order to prevent 
degradation of the CA It had the following composition 0 3 
N HCIO4, 4 0 mM &sodium EDTA and 5 4 mM reduced 
glutathione The samples were stored at -15°C for two 
weeks at most 

Dunng the second half hour of a session food (Noyes 
pellets) was offered to the animal When a rat had fed dunng 
two minutes, feeding was interrupted by the experimenter by 
withholding further food presentation The animal had free 
access to water from a drinking tube attached to the cage 
Feeding was registered automatically In addmon, the fol- 
lowing behavioral elements were recorded manually walk- 
rag, rearing, grooming, sitting, lying lmmobde and drinking 
The occurrence of an element was scored for every 15 sec 
period Locomotor actlwty was scored from 0-4, depending 
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FIG 2 CA release before, dunng and after feeding m response to 
hmtted food presentat:on Graphs from top to bottom represent 
means and S E M (N=6) for NA, A and DA release, and for mcl- 
dence of feeding and locomotor acUvlty in 15-sec penods Feeding 
began at t=0. food was presented untd feeding had occurred for 2 
m:n 

on the number of 15 sec periods per minute in which walking 
and/or reanng occurred 

Histology 

At the end of a push-pull perfusion experiment the ammal 
was anesthet:zed w~th an overdose of sodmm pentobarbttal 
and perfused with 0 9% NaCI and 10% formalin successively 
The bram was frozen and frontal senal sections of 100/zm 
were cut at an angle of about 15 ° to the tract of the cannula 
system Sections were stained with thlonm The site of per- 
fus:on was microscopically Iocahzed with reference to the 
atlas of Komg and Khppel [10] and ldenUfied as a point 0 2 
mm dorsal to the bottom of the tract and 0 3 mm rostral to its 
caudal extension 

Cate~ho/amme Assay 

Diluted perfusate fractions were thawed and duplicate 20 
/~1 samples were transferred into comcal glass tubes Sam- 

pies and blanks were analyzed according to an enzyme- 
radiochemlcal method [22] Blanks consisted of dduted and 
pooled perfusate fractions to which calcmm instead of mag- 
nesium was added Each assay series also included internal 
CA standards in pooled perfusate fractions. The CA were 
converted into their [3H] methoxy derlvatwes by incubation 
with S-adenosyl-L-[methyl:H] methlonlne (New England 
Nuclear, Boston, 60-80 O/mmole) in the presence of 
catechol-O-methyltransferase The labeled products were 
isolated by organic extraction and paperchromatography, 
radio-activity was counted in a hquld scintdlatton analyser 
(Phihps, Holland) CA release data were calculated from net 
dpm values for samples and internal standards and were ex- 
pressed as pg/mln 

Stattstt~ al Analysts 

A total of eighteen one-minute perfusate samples from 
each perfus:on experiment was assayed for CA The six 
one-mmute values preceding the offenng of food were con- 
stdered the basehne values Stat~stlcal independence of the 
data was tested for by calculating serial autocorrelaUons 
with different time lags [5], per rat and per CA, separately, 
for a total time senes of s~xteen mmutes, the basehne penod, 
the period after food offenng and the penod after feeding 

The effects of condition (two levels basehne period and 
feeding penod or post-feeding penod), subjects (six levels) 
and their mteraction on CA release per minute were 
analyzed with two-way unl- and multwanate analys~s of 
variance (ANOVA and MANOVA, [4]) The effect of these 
variables on the release of NA, A and DA separately was 
tested with ANOVA, the effect on the release of NA, A and 
DA in combination was tested with MANOVA Two minutes 
of feeding were taken into account for each rat In order to 
detect a general trend in CA release m the post-feeding 
period the data of seven post-feeding minutes were com- 
pared with ANOVA (randomized blocks analysis with re- 
peated measures on subjects) 

In addition, with the above ANOVA and MANOVA 
analyses, CA release dunng the basehne period was com- 
pared with CA release dunng the first two minutes after food 
presentation, irrespectwe of whether the rats were feeding or 
not 

Locomotor actlwty scores were analyzed by means of 
ANOVA, with factors condition (two levels basehne period 
versus the post-feeding penod), subjects and their interac- 
tion In addition, the possible staUstlcal correlaUon between 
CA release and locomotor actwlty was tested w:th pomt- 
blserial correlation [8] and Pearson correlation between CA 
release and scores of locomotor activity per minute. For the 
calculation of polnt-blsenal correlation, the minutes were 
categorized as containing locomotor acuvtty when there was 
locomotor activity in at least half a minute Both correlation 
coeffioents were calculated for the measurements of each 
CA and for each rat separately They were calculated for the 
total t:me series and for the post-feeding period separately 
The criterion for statlsUcal stgmficance was considered to be 
p <0 05 

RESULTS 

Histological analys~s revealed that the cannulas had 
reached the intended area in and around the dorsomedml 
nucleus of the hypothalamus (see Fig 1) In two rats the tip 
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of the cannula was in the perffornical area (PFH) In one rat 
it was in the paraventncular nucleus (PVN) In the remaining 
three rats the tip of the cannula was in or near the DMN The 
width of the cannula tract did not exceed the 0 65 mm diame- 
ter of the outer cannula by more than 0 15 mm 

The mean patterns of CA release are shown in Fig 2 The 
autocorrelatlon coeffioents of the CA measurements over 
time were not sigmficant and thus the values of CA release in 
the successive minutes were considered to be statistically 
independent 

During the basehne period the mean release for respec- 
tively NA. A and DA was 5 8 pg/min. 6 2 pg/mln and 3 6 
pg/mln Durmg feeding the mean increase in CA release was 
53% for NA. 13% for A and 18% for DA MANOVA revealed 
that there was a multl-vanate significant difference between 
baseline period and feeding period in the release of NA. A 
and DA in combination F(3.34)=3 58. p < 0  05 However.  
the unlvarlate F ratios make clear that only NA release was 
significantly elevated dunng feeding F(1.36)=7 28. p < 0  01 
No sigmficant changes in NA release were observed in con- 
nectlon with food presentation per se Dunng the first two 
minutes after food presentation the mean NA release was 
increased by only 27% over baseline levels 

Figure 2 shows that also in the post-feeding period the 
level of CA release was increased compared with the 
baseline level The increments amounted to 43%. 20% and 
13% for NA. A and DA. respectively, and were significantly 
different from baseline release for NA and A 
F(NA)(1.66)=4 01. p < 0  05. F(A)(I.66)=4 09. p < 0  05 
Within this post-feeding period no significant trends in CA 
release over time and subjects were found 

The rats differed significantly from each other in mean 
NA, A and DA release in the total test period (p<0 0001) 
For the feeding period, there was no significant interaction 
effect of the factors condition and subjects on NA and DA 
release, i e , the individual NA responses observed did not 
depend on brain site In contrast, such an interaction did 
exist for A release F(5,36)=2 64, p < 0  05 For the post- 
feeding period, there was a significant Interaction effect on 
DA release only F(5,66)=2 99, p <0 05 

In the baseline period walking, reanng, grooming, sitting 
and lying immobile occurred After food presentation, three 
animals fed within 15 sec and the remaining animals fed 
within two minutes Feeding continued until food presenta- 
tion was withheld In the post-feeding period locomotor ac- 
tlvRy (walking and rearing) was significantly increased in 
comparison with the basehne period F(1,5)=7 36, p < 0  01 
Figure 2 suggests that in lndwidual rats, the peaks of  CA 
release and locomotor activity in the post-feeding period are 
correlated For the total time series a correlation was found 
m one rat, namely between NA release and locomotor activ- 
Ity (r(pbls)=0 53, t=2  17, dJ=12, p < 0  05, Pearson, r=0 53, 
dr= 12, p < 0  05) For the post-feeding period also m only one 
(other) rat a significant positive correlation was found be- 
tween NA release and locomotor activity (r(pbls)=0 63, 
t = l  98, df=6, p<O 05, Pearson, r=0 74, df=6,p<O 05) For 
the other rats, for rats pooled together and for release of A 
and DA the correlations were not significant or sometimes 
significantly negative 

DISCUSSION 

The results of the present study demonstrate that short- 
term changes in CA release from the rat medlodorsal hypo- 
thalamus occur in connection with a short period of food 

presentation In particular. NA release was enhanced during 
a 2 rain feeding period, whereas increases in both NA and A 
release were evident immediately after feeding The in- 
creased release of NA dunng and after feeding may reflect 
increased activity of noradrenergic nerve fibers with termi- 
nals m the MDH 

The increased NA release, observed in the post-feeding 
period, was not related to locomotor activity It may be re- 
lated to the various metabolic changes that occur following a 
meal For instance, the amount of circulating insulin is m- 
creased blphaslcally dunng and after feeding [19.20] Actu- 
ally. hypothalamlc NA turnover was shown to be enhanced 
by glucopnvatlon induced by peripheral injections of insulin 
[2] Moreover. m some regions of the hypothalamus, the 
local application of msuhn led to a delayed increase m the 
apparent activity of CA neurons [16] However.  it is not 
clear whether release of pancreatic insulin into the circula- 
tion could be the direct cause of elevated hypothalamlc NA 
release Alternatively. a rise In medlodorsal hypothalamJc 
NA release m~ght represent a neural signal which leads to 
metabolic changes related to feeding, since areas within the 
medial hypothalamus have been shown to exert influences 
on peripheral metabolic processes [3] 

During the post-feeding period. A release was also m- 
creased Th~s result suggests a role of A In food-motivated 
behavior, and may be related to the observation that feeding 
behavior can be reduced by local MDH injections of A as 
well as NA [7. I 1. 18] The observation that DA release was 
not significantly elevated during and after feeding ~s m 
agreement with the fact that local injection of DA into the 
MDH does not induce feeding behavior [18] 

The present results do not confirm the view that the smell 
of food is sufficient for the occurrence of the feeding-related 
increase m NA release, as has been suggested by the finding 
that the effiux of exogenous NA was increased during olfac- 
tory stimulation m food-deprived rats [17] In our study, food 
presentation per se. which would imply olfactory stimula- 
tion. did not lead to a s~gmficant increase m NA release 
However.  ~t remains possible that an effect of olfactory 
stimulation on NA release depends on deprivation level 

Individual rats differed s~gnlficantly in the extent of their 
CA release throughout the whole perfuslon period These 
differences might be attributed to artifacts m the perfus~on 
techmque or to differences in perfus~on s.tes However.  the 
observation that there were significant effects of interaction 
between condition and subjects on mediodorsal hypotha- 
lamlc A and DA release, but not NA release, suggests that 
NA neurotransm~sslon has the strongest relationship w~th 
food-motivated behavior and ~s influenced least by inter- 
individual and rater-experimental variations The interaction 
effect on A release, as well as the absence of  an overall 
increase in A release during feeding, may be explained by the 
fact that two out of six subjects had a cannula In the PFH It 
has been shown that A concentrations in the DMN were 
different for groups of rats w~th different feeding rates. 
whereas A levels m the PFH were not [21] In addition. A 
mjectlons into the lateral PFH can inhibit feeding behawor 
[12] These findings corroborate the wew that the MDH con- 
tams functionally different populations of A nerve terminals 

From histological analysis ~t can be concluded that the 
s~tes of perfusion were in hypothalamlc regions that are 
known to be richly innervated by noradrenerglc and ad- 
renerglc nerve terminals [14.22] In addition. CA terminals m 
these regions have been implicated m feeding behavior (l e . 
PFH [18]. PVN [1 l]. DMN [3]) One might question whether 
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the  ef fec ts  o b s e r v e d  in the  p r e s e n t  s tudy  are specif ical ly 
conf ined  to the  M D H  Obvious ly ,  the  pe r fus lon  t e c h n i q u e  
might  impose  hml t a t l ons  o n  the  Iocahza t ion  o f  the  a rea  in- 
vo lved ,  due  to the  po ten t i a l  for  t i ssue  de s t r uc t i on  H o w e v e r ,  
t he  wid th  of  the  les ion af te r  the  pe r fus lon  u n d e r  these  rela-  
t ively mild and  con t ro l l ed  cond i t ions  hard ly  e x c e e d e d  the  
d i a m e t e r  of  the  c a n n u l a  t rac t  in non -pe r fused  an imal s  (see 
the  Resu l t s  sec t ion)  M o r e o v e r ,  in two o the r  s tudies  (Kruts-  
sink,  Van  de r  G u g t e n  and  S langen ,  to be  pub l i shed ,  and  
[23]), ra ts  were  normal ly  r e s p o n s i v e  to N A  in jec t ions  into 
the  M D H  af ter  they  had  b e e n  sub jec ted  to push-pul l  perfu-  
s lon for  a m u c h  longer  t ime  t h a n  in the  p r e s en t  s tudy  The  
ana tomica l  specif ici ty  of  the N A  r e s p o n s e s  o b s e r v e d  fol lows 
f rom s imilar  pe r fus lon  e x p e r i m e n t s  on  two ra ts  tha t  had  a 
c a n n u l a  in the m e d i o v e n t r a l  h y p o t h a l a m u s  In bo th  animals ,  
N A  re lease  was not  e n h a n c e d  dur ing  and  af te r  feeding tn 
c o m p a r i s o n  wi th  the  base l ine  There fo re ,  the  M D H  can  be 

c o n s i d e r e d  to be  a func t iona l ly  d l s tmc t  a rea  of  the  hypo tha l -  
amus  as to the  i n v o l v e m e n t  of  N A  te rmina ls  in feeding be-  
hav io r  

By m e a s u n n g  C A  re lease  pe r  minu te  it was  poss ib le  to 
o b s e r v e  sho r t - t e rm  changes  in C A  re lease  in re la t ion  to feed- 
lng T h e s e  changes  were  s h o w n  to be  specif ical ly re la ted  to 
feeding s ince  no re la t ionsh ip  was  found  wt th  l o c o m o t o r  ac- 
t ivity F o r  these  r ea sons ,  it is conc luded  tha t  the  p r e sen t  
m e t h o d  is a va luable  a p p r o a c h  to the s tudy  of  co r re l a t ions  
b e t w e e n  C A  re lease  and di f ferent  behav io r s  
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