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BLACKBURN, J. R., A. G. PHILLIPS. A. JAKUBOVIC AND H. C. FIBIGER. lm'reased dopamine metabolism in the 
nucleus accumbens and striatum Jbllowing cOnsltmplion oJ'a nutritive meal but not a palatable non-nutritive sa('('harin 
solution. PHARMACOL BIOCHEM BEHAV 25(5) 1095-1100, 1986.--This study examined the concentrations of dopamine 
(DA) and its metabolites homovanillic acid (HVA) and 3,4-dihydroxyphenylacetic acid (DOPAC) in the striatum and 
nucleus accumbens of rats that were either 20 hr food deprived or had been given 1 hr of access to food pellets, a liquid diet, 
or a palatable 0.4% saccharin solution. Significant increases were observed in the HVA/DA ratio in both structures 
following ingestion of either liquid diet or food pellets. Increases in the DOPAC/DA ratio were observed only after the 
ingestion of liquid diet. Ingestion of saccharin solution had no effect on any index of DA activity. These results indicate'that 
the type of food ingested can influence dopaminergic responses to feeding, and argue against an exclusive role for motor or 
reward processes in determining DA activity. 
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F O O D  intake  is a com p l ex  p roces s  con t ro l l ed  by bo th  inter-  
nal and  ex te rna l  s t imuli  [31,33]. N u m e r o u s  s tudies  employ-  
ing e i the r  pha rmaco log ica l  or  surgical  d i s rup t ion  o f  dopa-  
minergic  n e u r o t r a n s m i s s i o n  sugges t  a role for  d o p a m i n e  
(DA) in the  neura l  regula t ion of  feeding b e h a v i o u r  [6, 11, 15, 
16, 20, 22, 29, 30, 32, 38]. At  p re sen t ,  t he re  is unce r t a in ty  as 
to the re la t ionsh ip  b e t w e e n  dopamine rg ic  ac t iv i ty  and  the  
var ious  c o m p o n e n t s  o f  feeding b e h a v i o u r  including the  pro- 
duc t ion  of  m o t o r  b e h a v i o u r s  requi red  for  feeding,  the per- 
cep t ion  of  the  r eward  va lue  of  food [36,37], or  the  s t imulus  
cont ro l  of  feeding [4,33]. 

Recen t  a t t emp t s  to clarify the  role of  DA in feeding be- 
hav iou r  have  uti l ized b iochemica l  ana lyses  of  dopamine rg i c  
ac t iv i ty  in local ized regions  of  the  bra in .  For  example ,  Heft-  
ne r  e t a / .  [13] have  o b s e r v e d  inc reases  in DA m e t a b o l i s m  in 
var ious  bra in  regions  fol lowing c o n s u m p t i o n  of  a meal .  DA 
t u r n o v e r  was e s t ima ted  by the rat io of  the  c o n c e n t r a t i o n  of  

the DA metabol i t e  3 ,4 -d ihyd roxypheny lace t i c  acid (DOPAC)  
to the c o n c e n t r a t i o n  of  DA.  The  D O P A C / D A  ratio was in- 
c reased  s ignif icant ly  in the  h y p o t h a l a m u s ,  nuc leus  accum-  
bens ,  and  amygda l a  1 hr a f te r  the onse t  of  a daily meal  of  
food pel le ts  in rats  ma in t a ined  on  a 20 hr  food depr iva t ion  
schedule .  No effects  were  a t t r ibu ted  to food depr iva t ion  
itself, as s imilar  levels  o f  DA ut i l izat ion were  o b s e r v e d  
in g roups  of  rats  e i t he r  m a i n t a i n e d  on  a food depr iva-  
t ion schedu le  and  sacr i f iced pr ior  to the  daily feeding sess ion  
or  ma in t a ined  on ad lib access  to food. The  nu t r i en t  con t en t  
of  the  food and  pos t inges t iona l  even t s  were  also d i s coun ted  
as r e l evan t  factors .  In con t r a s t  to inc reases  o b s e r v e d  follow- 
ing oral c o n s u m p t i o n  of  a liquid suspens ion  of  powdered  
Pur ina  lab chow,  gastr ic  in tuba t ion  of  this  diet  was  not  ac- 
c o m p a n i e d  by  an increase  in DA ut i l izat ion in e i the r  the 
nuc leus  a c c u m b e n s  or  pos t e r io r  h y p o t h a l a m u s .  The  re- 
s t r ic ted  pa t t e rn  of  feed ing- re la ted  inc reases  in DA ut i l izat ion 
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in selected brain regions suggested that only a subset of cen- 
tral dopaminergic neurons were activated by some aspect of 
feeding behaviour, specifically those in the mesotelencepha- 
lic pathway and hypothal'~mus, 

Subsequent attempts to define the precise relationship be- 
tween feeding and DA activity have examined changes in DA 
utilization under different feeding conditions. Although the 
accumulation of DOPAC was shown to be increased in the 
second to fourth hr of access to food pellets, these changes 
were not correlated with the duration of access to food, the 
amount of food consumed, latency to onset of feeding or the 
termination of  the meal. Therefore these data were incom- 
patible with a role for DA in either hunger or satiety [14]. A 
recent effort to resolve this conundrum compared changes in 
DA metabolism in groups adapted to a daily feeding regimen 
and sacrificed either prior to presentation of a milk diet, 1 hr 
after food was provided, or following exposure to a set of 
discriminative stimuli associated with the presentation of a 
meal, but with no opportunity to feed [28]. Comparable in- 
creases in DA metabolism were observed in both groups 
exposed to feeding-related discriminative stimuli, regardless 
of whether or not feeding occurred. This pattern of results 
was interpreted as evidence that increases in DA activity are 
entrained to environmental stimuli associated with sched- 
uled feeding behaviour. These increases in DA activity were 
observed in the hypothalamus, but not in the nucleus ac- 
cumbens, striatum or amygdala-pyriform lobe. 

Collectively these studies raise a number of issues worthy 
of  further investigation. The first concerns the relationship 
between the presentation of feeding-related stimuli, con- 
sumption of a meal, and increased metabolism of DA. The 
stimulus control of feeding should have a maximum effect 
immediately prior to and at the onset of the meal, yet DA 
activity has been observed to increase in the period between 
1 and 2 hr after food was provided. It might be argued that 
the first hour of food presentation serves as a cue t\)r the 
availability of food for another 3 hr period. Alternatively, the 
changes in DA activity which accompany the presentation of 
feeding-related stimuli may be distinct from those associated 
with the oral ingestion of a meal. Second, it has not yet been 
determined whether similar increases in DA metabolism 
would be observed following ingestion of comparable quan- 
tities of a non-nutritive substance. Third, can the consump- 
tion of a meal trigger increases in DA activity associated with 
the rewarding properties of the food [36,37]? A final issue 
concerns the ambiguity surrounding the anatomical locus of 
feeding-related increases in DA metabolism. Specifically, do 
such increases occur only in the hypothalamus [28], or can 
they also be observed reliably in the nucleus accumbens 
[7,13] and the striatum? [7]. 

The present experiment was designed to address some of 
these issues by measuring changes in DA metabolism in tis- 
sue samples from the nucleus accumbens and striatum I hr 
after consumption of food pellets, liquid diet, or palatable 
(0.4%) saccharin solution. Ingestion of the saccharin solution 
should be rewarding, and requires the same motor responses 
as ingestion of liquid diet, but has no post-ingestive nutritive/~ 
effects. Liquid diet and food pellets are both nutritive, but 
require notably different motor responses for their con- 
sumption. 

METHOD 

Sllb]c,f'ls 

Male hooded rats obtained from Charles River Labora- 

tories of Canada were used. All rats were experimentally 
naive, weighed 350-450 g at the start of the experiment and 
were housed individually in wire stainless steel cages. 

A])I)HrHIIIA 

Feeding materials consisted of standard Purina lab chow 
pellets, Sustacal (Mead Johnson) liquid diet and 0.4% sodium 
saccharin (Fisher) solution. Fluids were presented to the rats 
in 50 ml Nalgene tubes fitted with stainless steel drinking 
spouts that were attached to the front of the cages. Food 
pellets were delivered into food hoppers mounted on the 
outside of the cage. 

Pro~'edme 

The feeding regimen was modified from that described by 
Heffner ~,l a/. [131. Water was freely available to all rats at all 
times. Rats were randomly assigned to four groups ( n - 6  for 
each group), and were then adapted for two weeks to a feed- 
ing schedule in which they received food for only 4 hr/day in 
their home cages. The feeding period occurred near the 
middle of the 12 hr lights-on period in the colony. As it has 
previously been demonstrated that DA utilization is in- 
creased by cues previously paired with feeding [5,281, feed- 
ing times were varied by up to 2 hr on successive days to mini- 
mize the association between temporal cues and feeding. 

Rats in the food deprived (FD) and pellet (Pel) groups 
received food pellets in each daily 4 hr feeding period. The 
rats in one group (LD) received liquid diet during the 4 hr 
feeding period on the fourth day. They also received the 
liquid diet in the first hr of this period on the 8th and 12th 
days, followed by 3 hr access to pellets. Rats in the final 
group (Sac) were treated in exactly the same manner as those 
in group LD except that ().4~ saccharin solution was substi- 
tuted for liquid diet. This procedure ensured that rats in the 
four restricted feeding groups were maintained at equivalent 
levels of deprivation, while allowing the rats in groups Sac 
and LD to become familiar with the solutions they were to 
consume on the test day. 

On the test day, the 15th day of restricted food intake, all the 
rats were sacrificed by cervical fracture. Rats in group FD 
were sacrificed when they had been deprived of food for 
about 20 hr, before food was delivered on the test day. Care 
was taken to avoid exposing these control rats to odours or 
sounds signaling food delivery, as such cues have been 
shown to increase DA utilization [5,28]. Rats in groups Pel. 
LD and Sac were sacrificed 1 hr after they had been given 
pellets, liquid diet or a saccharin solution, respectively. Dur- 
ing the hour in which food was available the LD rats con- 
sumed 24.2±0.7 ml of the liquid diet, while the Sac rats 
consumed 27.6+1.9 ml of the saccharin solution. 

Tis3IIt" IL'XIFH¢'I[otl 

Following sacrifice the brains were rapidly removed and 
frozen with CO,_, on a microtome. Two consecutive l-ram 
coronal slices were taken and placed in ice so that the rostral 
surface was face up. By the atlas of K6nig and Klippel [171, 
the rostral extent of the anterior slice was approximately at 
the level of A9820/z and the rostral limit of the second slice 
was approximately at A8620 #. The nucleus accumbens was 
dissected from the rostral slice. The structure was defined as 
being ventral to the genu of the corpus callosum and dorsal 
to the olfactory tubercle (demarcated by small fiber bundles 
forming the olfactory radiations). The anterior commisure 
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was inc luded  in the sample ,  The  mean  weight  of  the  nuc leus  
a c c u m b e n s  samples  was 7.8 rag. The  s t r ia tum was d i s sec ted  
f rom the caudal  slice and  was def ined dorsal ly  and  la teral ly  
by the co rpus  ca l losum.  The  media l  b o r d e r  was  fo rmed  by 
the lateral  vent r ic les .  The  vent ra l  limit was  imposed  by mak-  
ing a hor izon ta l  cut at  the  level of  the  an t e r io r  c o m m i s u r e .  
The  mean  weight  of  the  s t r ia tal  s amples  was  12.3 rag. Fol- 
lowing weighing,  the  t i ssues  were  son ica ted  for  30 sec in 0.2 
M HCIO~ with 0.15% Na._,S20:, and  0.5% Naz-EDTA.  Fol low- 
ing cen t r i fuga t ion  at 30,000 g for  15 rain (+  4°C), the  superna -  
tant  was  r e m o v e d  and  s tored  at 80°C. Assay  o f  the precipi-  
tate [19] indica ted  that  the m e a n  prote in  con t en t  of  the  nu- 
cleus a c c u m b e n s  samples  was 10.7% by weight ,  while  tha t  of  
the  str iatal  samples  was  11.2~.  

Neurochemi('al Analysis 

Regional  bra in  ana lys i s  of  D O P A C .  H V A  and DA was 
pe r fo rmed  by reverse  phase  high p ressu re  liquid ch roma tog -  
raphy  with e l ec t rochemica l  de tec t ion  ( H P L C - E C ) .  The  
H P L C - E C  sys tem cons i s t ed  of  a B e c k m a n  model  100A 
pump ,  LC-4B a m p e r o m e t i c  con t ro l l e r  with  a glassy ca rbon  
e lec t rode  (BAS) ,  a 3390A reco rde r  in tegra to r  (Hewle t t -  
Packard)  and a / . tBondapak C18 co lumn (10 p~m, 150×3.9 
ram: Waters ) .  The  de t ec to r  potent ia l  was set at +0 .75  V 
versus  a Ag/AgCI re fe rence  e lec t rode  and  the sens i t iv i ty  was 
set at 10-20 nA/V  full scale.  The  mobile  phase  cons i s t ed  of  
0.1 M KH_,PO4 buffer  solut ion (pH 3.6) con ta in ing  0.2 mM 
sodium oc tanesu l fon ic  acid,  0.15 mM Na~-EDTA and 9.5% 
methano l .  

The  c o n c e n t r a t i o n s  of DA, D O P A C  and H V A  were  de- 
t e rmined  by c o m p a r i n g  the  peak a rea  of  the sample  with that  
of  a k n o w n  s tandard .  The  de tec t ion  limit of  the sys tem was 
app rox ima te ly  0.5 pmol/20 #1 of  t issue sample .  

l)ata Aimlvsis 

One-way  A N O V A s  were  c o n d u c t e d  for  the  c o n c e n t r a -  
t ions  of  DA and  its me tabo l i t e s ,  D O P A C  and H V A ,  and  also 
for  the  rat io of  each  me tabo l i t e  to the pa ren t  molecu le  in bo th  
of  the brain  regions.  Each  m eas u r e  was t aken  as the  ave rage  
of  the  two hemi sphe r e s .  W h e n  the  A N O V A  indica ted  a sig- 
n i f icant  effect ,  D u n n e t t ' s  tes t  [121 was  used to c o m p a r e  each  
of  the feeding groups  to the  FD animals .  

RESULTS 

The  c o n c e n t r a t i o n s  of  DA and  its me tabo l i t e s ,  D O P A C  
and H V A ,  are s h o w n  in Table  1 for  bo th  of  the brain  regions .  
The  analys is  of  va r iance  indica ted  that  the c o n c e n t r a t i o n  of  
DA,  in e i the r  the  a c c u m b e n s  or  the s t r i a tum,  was not  signifi- 
cant ly  af fected by the  di f ferent  feeding cond i t ions  ( F s < l ) .  
The re  was a s ignif icant  d i f ference  b e t w e e n  D O P A C  concen-  
t ra t ions  in the  nuc leus  a c c u m b e n s ,  F ( 3 , 2 0 ) - 6 . 4 4 ,  p < 0 . 0 0 5 ,  
these  be ing  h igher  in the LD group,  relat ive to the FD rats  
(p<0.01) .  A signif icant  d i f fe rence  b e t w e e n  the  g roups  was 
also o b s e r v e d  for  D O P A C  in the s t r ia tum,  F ( 3 , 2 0 ) - 4 . 1 4 ,  
p < 0 . 0 5 ,  h o w e v e r  D u n n e t t ' s  tes t  did not  indica te  tha t  the 
levels  for  any  group  dif fered s ignif icant ly  f rom those  of  the  
LD cont ro l s .  H V A  differed s ignif icant ly  b e t w e e n  g roups  in 
bo th  the nuc leus  a c c u m b e n s ,  F(3 ,20)= 10.71, p < 0 . 0 0 1 ,  and  
the  s t r i a tum,  F(3 ,20)=7 .70 ,  p < 0 . 0 0 5 .  In the  case  of  the  nu- 
cleus a c c u m b e n s ,  H V A  was s ignif icant ly  e l eva t ed  for  bo th  
the  Pel (/7<0.05) and  L D  (/~<0.01) groups ,  re la t ive  to the FD 
con t ro l s .  In the  s t r i a tum only  the Pel g roup  had  s ignif icant ly  
e leva ted  H V A  (p<0.01) .  

T A B L E  1 

EFFECTS OF INGESTING FOOD PELLETS, LIQUID DIET OR 
SACCHARIN SOLUTION ON LEVELS OF DA, HVA AND DOPAC IN 

THE NUCLEUS ACCUMBENS AND STRIATUM 

Concentration (nmol/g tissue) 

Group DA HVA DOPAC 

Nucleus Accumbens 

FD 57.77 + 1.94 5.32 ± 0.26 14.91 ± 0.63 
Pel 58.65 ± 2.06 6.55 + 0.39* 15.79 _+ 0.65 
LD 58.55 +_ 0.96 6.94 + 0.26+ 17.80 _+ 0.55t 
Sac 54.92 ± 1.22 4.77 ± 0.74 14.68 ± 0.32 

Striatum 

FD 77.26 ± 3.89 6.27 ± 0.32 13.74 _+ 0.64 
Pel 76.31 ± 2.21 7.77 ± 0.37+ 13.49 +_ 0.27 
LD 73.78 ± 1.98 7.15 ± 0.69 15.16 _+ 0.46 
Sac 70.62 ± 2.07 5.85 ± 0.23 12.89 + 0.41 

All values expressed as mean ± standard error (n=6). FD: Food 
deprived for 20 hr prior to sacrifice. Pel: Consumed food pellets in 
the hour prior to sacrifice. LD: Consumed liquid diet in the hour 
prior to sacrifice. Sac: Consumed 0.4% saccharin solution in the 
hour prior to sacrifice. 

*Different from FD: p<0.05. (Dunnett 's test). 
+Different from FD, p<0.01. ( Dunnett 's test). 

D O P A C / D A  rat ios are s h o w n  in Fig. I. The re  were  signif- 
icant  d i f ferences  b e t w e e n  g roups  in bo th  the nuc leus  accum-  
bens ,  F(3 ,20)=3.60 ,  p < 0 . 0 5 ,  and  the s t r ia tum,  F(3 ,20)=3.95 ,  
/?<0.05.  In each  case  the rat io was inc reased  s ignif icant ly  
only for the LD group (ps<0.05) .  

The  H V A / D A  rat ios  are s h o w n  in Fig. 2. The  A N O V A  
indica ted  s ignif icant  g roup  d i f ferences  in bo th  the nuc leus  
a c c u m b e n s ,  F(3 ,20)=8.79 ,  p < 0 . 0 0 1 ,  and the  s t r ia tum,  
F(3 ,20)~5 .38 ,  p < 0 . 0 0 1 .  C o m p a r e d  to the FD con t ro l s ,  rat ios  
were  s ignif icant ly  e leva ted  for  the  Pel groups  in bo th  bra in  
regions  (p<0 .05  in each  case).  C o n s u m p t i o n  of  the  LD was 
also a s soc ia ted  with inc reased  H V A / D A  rat ios  in bo th  the  
nuc leus  a c c u m b e n s  and the  s t r ia tum (ps<0.05) .  

DISCUSSION 

The  p resen t  da ta  conf i rm that  inc reases  in DA act ivi ty  are 
assoc ia ted  with the c o n s u m p t i o n  of  food. It should  be noted .  
h o w e v e r ,  tha t  changes  in the two indices  of  DA act iv i ty  em- 
ployed in the p resen t  s tudy var ied  as a func t ion  of  the  type  of  
food inges ted .  For  example ,  inges t ion of  food pel le ts  was 
a s soc ia ted  with increases  in the  H V A / D A  ratio in bo th  the  
nuc leus  a c c u m b e n s  and the s t r i a tum,  whereas  no inc reases  
were  o b s e r v e d  in the D O P A C / D A  ratios.  The  la t ter  resul t  is 
cons i s t en t  with a r ecen t  repor t  of  a fai lure to find s ignif icant  
inc reases  in this index of  DA act iv i ty  in the  h y p o t h a l a m u s  1 
hr  af ter  the s tar t  of  a meal  of  food pel lets  a l though  signif icant  
changes  were  o b s e r v e d  af te r  2 hr  [14]. C o n s u m p t i o n  of  liquid 
diet ,  on the o the r  hand ,  was a s soc ia ted  with a s ignif icant  
increase  in bo th  the  H V A / D A  and  D O P A C / D A  rat ios  in bo th  
bra in  regions  sampled ,  1 hr  a f te r  the s tar t  of  a meal .  In the 
p resen t  expe r imen t ,  these  d i f fe rences  may  be a t t r ibu tab le  to 
di f ferent  in f luences  of  the types  of food ingested on DA re- 
lease and  me tabo l i sm.  Al te rna t ive ly ,  as m o v e m e n t  t h rough  
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FIG. 1. Ratio of DOPAC to DA (both calculated as nmol/g tissue) in 
the nucleus accumbens and striatum following ingestion of food pel- 
lets, liquid diet or saccharin solution. Bars represent mean for six 
rats. Vertical lines represent standard error of the mean. FD: Food 
deprived for 20 hr prior to sacrifice. Pel: Consumed food pellets in 
the hour prior to sacrifice. LD: Consumed liquid diet in the hour 
prior to sacrifice. Sac: Consumed 0.4% saccharin solution in the 
hour prior to sacrifice. *Different from FD,p<0.05 (Dunnett's test). 

the DA metabolite pools is dynamic, differences in the rates 
at which the foods are digested and metabolized could affect 
the time course of their impact on dopaminergic systems. 

The present results do not indicate any selectivity in al- 
terations of DA activity between the mesolimbic and nigro- 
striatal DA systems as similar elevations were observed in 
both brain regions. This finding is consistent with one previ- 
ous report [7], but differs from other studies that have re- 
ported increases only in the nucleus accumbens [13] or no 
change in either structure [28]. Further experiments will be 
necessary to reveal if analytic procedures, types of food, or 
other factors such as time of sampling are critical parameters 
for determining which brain region will show signs of  in- 
creased DA activity. 

The present results bear on the analysis of which compo- 
nents of feeding behaviour are related to these changes in 
brain chemistry. Previous research has indicated that a 
single day of food deprivation does not result in an increase 
in DA utilization [3, 13, 14, 28]. Nor can increases be attri- 
buted to a particular pattern of  motor activity. In the present 
experiment biting and chewing of solid food was associated 
with comparable increases in HVA/DA ratios to those 
produced by lapping a liquid diet from a spout. On the other 
hand, when motor responses identical to those involved in 
the ingestion of liquid diet were executed during the con- 
sumption of saccharin solution, no such increases were ob- 
served. This finding rules out the possibility that the motor 
sequences involved in consuming a liquid diet were associ- 
ated with the changes in DA metabolism. 

The observed increases in DA activity may be related to 
post-ingestive events. This hypothesis would be compatible 
with the recent observation that DOPAC/DA ratios rose 
markedly during the second hour of a feeding session, de- 
spite the fact that only a small amount of food was consumed 
during this period [14]. Post-ingestive effects could either be 
related to the increased availability of specific nutrients or to 
increased energy stores. It seems improbable that increased 
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FIG. 2. Ratio of l i r A  to DA in the nucleus accumbens and striatum 
following ingestion of food pellets, liquid diet or saccharin solution. 
Abbreviations as in Fig. 1. *Different from FD, p<0.05 (Dunnett's 
test). **Different from FD, p<0.01 (Dunnett's test). 

energy availability could be directly responsible for the ob- 
served increases in DA activity as several studies have re- 
ported decreased dopaminergic activity following infusions 
of glucose [10, 25, 34], whereas severe glucoprivation 
produces increases in DA utilization [1, 2, 8, 9, 24, 26]. 

Reward is an additional factor that has been proposed as a 
candidate for producing changes in DA activity [36]. This 
hypothesis is challenged by the failure to find an increase in 
DA utilization associated with saccharin intake. Saccharin 
solution is avidly consumed by rats, and is an adequate re- 
ward to maintain high rates of operant bebaviour [27]. 
Clearly, engaging in activities associated with hedonically 
positive states is not sufficient to increase DA utilization as 
estimated by the present methods. 

The present data are also relevant to a previously pro- 
posed role for DA in the production of responses to appeti- 
tive stimuli [4]. Other studies have indicated that DA utiliza- 
tion is increased when rats are exposed to stimuli that reli- 
ably predict the availability of food [5,28]. Precautions were 
taken in the present experiment to ensure that the food- 
deprived control subjects were not exposed to such feeding- 
related stimuli, whereas the delivery of the food pellets, liq- 
uid diet and saccharin solution was accompanied by the 
familiar sounds and odours of the feeding sessions. The in- 
creases observed in DA utilization in the brains of rats that 
had consumed pellets or liquid diet may thus be interpreted 
in terms of  appetitive, incentive-based responses. In this 
case, the absence of any increase following saccharin inges- 
tion would have to be attributed to an inability on its part to 
be associated with appetitive behaviour. In fact, saccharin 
solutions are unusual in that, unlike other rewards such as 
sucrose solutions, they are incapable of producing con- 
ditioned place preferences [35]. Different effects of saccharin 
and sucrose solutions in conditioned reinforcement, even 
when they are equated for preference [21,35], may be related 
to saccharin's inability to increase DA utilization. 

Although different events may lead to increases in DA 
activity observed prior to a feeding session, as opposed to 
after a meal, these factors could be related. One possibility is 
that the release of DA in the wake of a meal occurs as an 
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uncond i t ioned  response  to some b iochemica l  s t imulus.  In an 
adult animal,  stimuli predict ing the del ivery of  food could act 
as condi t ional  stimuli to which the release of  DA would be a 
condi t ioned  re sponse .  This pre-feeding re lease  may be re- 
lated to the animals '  p repara t ion  for feeding.  Powley  [23] has 
p roposed  a similar mechan i sm to accoun t  for pre- feeding 
increases  in insulin release.  

In conclus ion ,  the p resen t  data  indicate that  changes  in 
DA activity assoc ia ted  with feeding differ with the subs tance  
ingested and with the index of  DA activity employed .  Al- 
though it was not varied in this s tudy,  the prec ise  t ime at 
which b iochemical  activity is sampled  in relation to initiation 
of  feeding behaviour  [3,14] appears  to be an impor tan t  fac tor  
in de te rmin ing  which DA metabol i te  will p rovide  the most  
sensi t ive index of  DA activity.  Ideally,  sequent ia l  b iochemi-  

cal m e a s u r e m e n t s  should be taken from several  brain regions 
during the prepara tory ,  c o n s u m m a t o r y  and pos t - inges t ive  
phases  of  feeding behaviour ,  involving the consumpt ion  of  
different  types  of  food.  These  and o the r  impor tant  issues  
may be bes t  add res sed  through the use of  in vivo techn iques ,  
including c h r o n o a m p e r o m e t r i c  de tec t ion ,  in conjunct ion  
with chronical ly  implanted  ca techolamine  se lect ive  elec- 
t rodes  [18]. 
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