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CARR, G. D. AND N. M. WHITE. Contributions of  dopamine terminal areas to amphetamine-induced anorexia and 
adipsia. PHARMACOL BIOCHEM BEHAV 25(1) 17-22, 1986.mSystemic injections of amphetamine produce both 
anorexia and adipsia. Evidence suggests that it is the stimulation of activity by the drug in both noradrenergic and 
dopaminergic synapses that mediate these effects. The present study examined the contributions of dopamine terminal 
regions to these effects in rats by microinjecting amphetamine directly into one of six discrete sites (medial frontal cortex, 
nucleus accumbens, anteromedial caudate nucleus, ventrolateral caudate nucleus, amygdala, or the region surrounding the 
area postrema) and observing the effects of the injections on eating or drinking. The rats were mildly deprived of either food 
or water and following microinjection of either amphetamine or saline, were given access to food or water. Injections of 
amphetamine into either the nucleus aecumbens or amygdala caused both anorexia and adipsia but no effects were 
observed from the other sites. It is suggested that amphetamine's action on these two sites contributes to the anorexia and 
adipsia that are observed after systemic injection of the drug. Possible behavioral mechanisms for the effects are discussed. 

Amphetamine Anorexia Adipsia Dopamine Nucleus accumbens Amygdala Approach behavior 

SOON after amphetamine was introduced into clinical prac- 
tice, several articles appeared reporting that it had a power- 
ful anorexic effect (e.g., [38]). Two decades later, Andersson 
and Larsson [3] reported that the drug also decreases drink- 
ing (adipsia). It was subsequently found that at very low 
doses,  feeding and drinking could be stimulated by am- 
phetamine [19,39]. In man, amphetamine produces both de- 
creases in subjective ratings of  hunger and decreases in food 
intake [35,36]. The pattern of  reduced food intake in both 
man and rats includes an increase in the latency to begin 
eating and an increase in the rate of  the eating that does 
occur [5,35]. 

A large body of evidence is accumulating to suggest that 
amphetamine 's  anorexic effect results from the drug's  stimu- 
lation of  activity in both dopaminergic and noradrenergic 
synapses (see [11,24] for reviews). Regarding noradrenaline, 
there are consistent findings that lesions of  the noradrenergic 
system attenuate amphetamine-induced anorexia. Elec- 
trolytic lesions of  the ventral noradrenergic bundle attenuate 
amphetamine anorexia as do more selective NE depletions 
using injections of the neurotoxin 6-hydroxydopamine (6- 
OHDA) into the vicinity of  the bundle [1,2]. Radio frequency 
lesions of the brainstem noradrenergic cell bodies also at- 
tenuate amphetamine anorexia [7]. Leibowitz [29] has 

further demonstrated that amphetamine injections directly 
into the hypothalamus produce anorexia and that this can be 
blocked by including a beta-adrenergic blocker  (propranolol) 
in the injection medium. Grossman [20] found that direct 
intra-hypothalamic injection of  noradrenaline itself can 
stimulate feeding and that the effects could be blocked by a 
peripheral injection of  an adrenergic blocker [21]. 

Dopamine also appears to be involved in amphetamine 
anorexia. A variety of  dopaminergic antagonists has been 
used to attenuate amphetamine anorexia, including haloperi- 
dol, spiroperidol [22], flupenthixol and pimozide [6]. This is 
in contrast  to the usual anorexic effects that dopaminergic 
blockers have on their own [37]. Heffner et al. [22] found 
that selective lesions of  the dopamine system using 6-OHDA 
lesions (with NE protected by desipramine pretreatment) 
caused an attenuation of  amphetamine 's  effects. Bilateral 
6-OHDA lesions of the dopamine cell bodies in the substan- 
tia nigra also attenuate amphetamine anorexia [18]. Koob et 
al. [27] used 6-OHDA to produce a lesion which reduced 
dopamine levels in the nucleus accumbens,  olfactory tuber- 
cle and frontal cortex (as well as NE in the frontal cortex) 
and found that this lesion did not affect the anorexia 
produced by amphetamine. 

With regard to the amphetamine-induced adipsia, there 
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do not appear  to be any studies that have directly examined 
the contribution of dopamine and noradrenaline to the effect. 
In a review, Dourish [12] concludes that dopamine is not 
directly involved in the control of  drinking. There are reports 
of both increased [14] and decreased [13,31] drinking 
produced by dopamine agonists. Dopamine antagonists have 
uniformly produced a decrease in drinking [12]. The lateral 
hypothalamus has been implicated in amphetamine adipsia 
by Leibowitz [28] who found adipsia following microinjec- 
tion into the structure. However ,  there are two reports [8,18] 
that lesions of  the lateral hypothalamus, while attenuating 
amphetamine anorexia, have no effect on amphetamine 
adipsia. The structure is therefore not critical for the effect. 
The site of action for amphetamine 's  adipsic effect remains 
unknown, although some insight may be gained from the 
observation that the adipsia is attenuated by a crude "pre-  
frontal Iobotomy" in dogs [3]. 

The present study examined the effects of microinjections 
of amphetamine into several dopamine terminal regions on 
eating and drinking. The animals were mildly food or water 
deprived so that their undrugged consumption was well 
below the consumption of a more severely deprived animal. 
This allowed for the possibility that the drug injections would 
either increase or decrease consumption. The main forebrain 
dopamine terminal areas were examined (medial frontal cor- 
tex, nucleus accumbens,  anterolateral caudate nucleus, ven- 
trolateral caudate nucleus, and the amygdala) (see [15-17] 
for reviews describing dopamine terminal areas). In addition 
to these sites, the drug was also injected into the region 
subjacent to the area postrema which includes the nucleus of 
the solitary tract and the dorsal motor nucleus of  the vagus. 
Both dopaminergic and noradrenergic neurons are present in 
the region [26,30]. In a previous study [ 10] it was shown that 
amphetamine microinjections into this region resulted in a 
conditioned taste aversion, as reflected by decreased con- 
sumption of  a flavoured solution that had been previously 
paired with the injection. 

METHOD 

Subjects 

The subjects were male hooded rats (Charles River 
Canada) weighing 300-325 g at the time of  surgery. They 
were housed individually in suspended metal cages in a room 
with lights on between 7 a.m. and 7 p.m. The subjects in this 
study had been used previously in a study [10] in which they 
had received microinjections of  saline and/or amphetamine. 
The amounts of  food consumed by drug naive vs. 
amphetamine-experienced rats following the amphetamine 
injections on the first test day were 3.0 vs. 3.3 g. Therefore, 
the prior injections of  amphetamine did not appear to affect 
the action of  the injections on consumption in the present 
study. The rats were usually tested for feeding first and fol- 
lowing resatiation were tested for drinking. 

S l l r ~ p e l : ~  ' 

Stereotaxic surgery was performed to implant stainless 
steel guide cannulae (0.7 mm outer diameter; Plastic Products 
Co.). Surgery was performed under 60 mg/kg sodium pen- 
tobarbital anesthesia and the implanted cannulae were 
anchored to the skull using screws and dental cement. The 
cannulae were aimed at one of  six sites in each animal. 
Coordinates (below) were modifications (based on experi- 
ence) of the atlas of  Pellegrino et al. [32] and measured from 

bregma (anterior-posterior and lateral) with the depth de- 
termined by lowering a pre-cut cannula until the plastic 
sleeve touched the skull. Each rat was implanted bilaterally 
except for those in the midline area postrema region group 
which received a single cannula. The brain sites, their ab- 
breviations used here, and the stereotaxic coordinates are: 

Medial frontal cortex (MFC). Anterior (A): 4.5, lateral 
(L): 0.7, rotated 20 ° laterally from the midline to avoid the 
superior saggital sinus and lowered to the depth of a 4 mm 
cannula. 

Nucleus accumbens (Accumbens). A: 3.6, L: 1.5, rotated 
20 ° laterally to avoid the ventricles, and lowered to the depth 
of  an 8 mm cannula. 

Anteromedial caudate nucleus (Medial Caudate). A: 3.4, 
L: 1.9, rotated 15 ° laterally to avoid the ventricles, and low- 
ered to the depth of a 5.5 mm cannula. 

Ventrolateral caudate nucleus (Lateral Caudate). A: 2.0, 
L: 4.0, and lowered to the depth of a 7 mm cannula. 

Amygdaloid complex (aimed at the central nucleus) 
(Amygdala). A: 0.0, L: 4.0, lowered to the depth of an 8.5 
mm cannula. 

Area postrema/nucleus o f  the solitary tract region (AP 
Region) (aimed for the region just  below the area postrema in 
the surrounding NST). 11.6 posterior to bregma, L: 0.0, and 
lowered to the depth of  a 10 mm cannula, with the posterior 
edge of  the sleeve 2 mm from the skull (note that this place- 
ment is 1 mm anterior to where the atlas of Pellegrino et al. 
[32] places the area postrema). 

Following surgery, a screw-on wire stylet was inserted 
into the guide cannula. This stylet, and the internal cannulae 
used for the injections (0.4 mm outer diameter), were cut so 
as to extend 0.5 mm from the tip of  the guide cannula. An 
exception to this was the area postrema region placement, 
which was previously found to be sensitive to mechanical 
stimulation. This was avoided here by cutting the stylet to be 
flush with the guide cannula and recessing the internal injec- 
tion cannula by 0.5 mm. Following surgery, the rats were 
given one to three injections of penicillin (Derapen) and were 
given a minimum of  one week to recover before the experi- 
ment was started. 

lntraeranial Injections 

Injections were made via internal cannula which were 
connected to 5 p~l Hamilton syringes by polyethylene tubing. 
For the bilateral injections, two syringes were attached to- 
gether and two separate lengths of tubing connected them to 
the left and right internal cannulae. The injections were done 
simultaneously, infusing the fluid over  a one minute period 
(50 seconds for injection plus 10 seconds for diffusion). Each 
injection consisted of  10 ~g of d-amphetamine sulphate 
(Smith, Kline and French, Canada) dissolved in 0.5 ~1 of 
physiological saline solution, or the saline vehicle alone, in- 
jected bilaterally. For  the one-cannula area postrema region 
injections, the 20 p.g was dissolved in distilled water. The 
concentration of this solution is approximately iso-osmotic 
with serum and the saline control injections [33]. The AP 
region injections were done over  one minute with thirty ad- 
ditional seconds of diffusion time to compensate for the re- 
cessed injection cannula. 

At the end of the experiment,  the animals were 
anesthetized with an overdose of chloral hydrate and per- 
fused intracardially with physiological saline, followed by 
I(FA~ formalin. Their brains were removed and frozen sec- 
tions were cut at 100 micron intervals for histological exam- 
ination. 
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REPRESENTATIVE CANNULA TIP LOCATIONS 

MEDIAL FRONTAL CORTEX NUCLEUS ACCUMBENS 

4.0 

-2 

ANTEROMEDIAL CAUDATE 
NUCLEUS 

VENTROLATERAL CAUDATE 
NUCLEUS 

2.0 

AMYGDALA AREA POSTREMA REGION 

FIG. 1. Representative cannula tip locations for each of the six brain sites. The cross 
sections are from the atlas of Pellegrino et al. [32]. 

Procedures (Feeding) 

The animals were given ad lib access to water but food, in 
the form of  their standard rat chow pellets, was only avail- 
able for restricted periods. For  the first two days the subjects 
were given access to food pellets placed on the floors of their 
cages for one hour periods. The next day (Test No. 1) they 
were given 20 minutes of  free access to food pellets on the 
floors of  their cages in the morning. A minimum of  three 
hours later, they were given microinjections of  either am- 
phetamine or saline (random assignment). Five minutes after 
the injections they were again given twenty minutes of  free 
access to food pellets. Their consumption was measured by 
subtracting the weight of  the food remaining at the end of  the 
twenty minute period from the weight of  the food initially 
placed into the cage and then subtracting the weight of the 
crumbs that had fallen through the cage and collected on 
blotter paper (method accurate to within 0. I g in most cases). 
The next day (Test No. 2), the procedures of the first day 
were repeated except that the treatments were reversed so 
that Test No. I saline rats received amphetamine, and vice 
versa. 

Procedures (Dr&king) 

Following the feeding experiment,  the rats were re- 

satiated with ad lib food and water for a minimum of  two 
days,  and water was then removed from their cages. For  the 
next two days,  the rats were given access to water for two 15 
minute periods per day, a minimum of  three hours apart. 
Water was presented at room temperature in drinking tubes 
with ball-bearing spouts. On the next day (Test No. I), the 
subjects were given free access to water tubes for 15 minutes 
in the morning. A minimum of  three hours later, they were 
given microinjections of  either amphetamine or saline (ran- 
dom assignment). Five minutes after their injections they 
were again given 15 minutes of  free access to the, water  and 
their consumption was recorded to the nearest 0.5 ml. The 
next day (Test No. 2), the procedure of  the first test was 
repeated except that each rat 's  treatment (saline vs. am- 
phetamine) was reversed. 

RESULTS 

The results of the histological examination are presented 
as representative placements for each brain site group in Fig. 
I. For  a detailed illustration of  each individual cannula 
placement the reader is referred to Can" and White [10]. 

The results of  the feeding experiment are presented in 
Fig. 2. A two-way analysis of  variance with one repeated 
measure (treatment) showed significant effects of  site, 
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FIG. 2. Amount of food consumed during the test period by rats 
representing each brain site after receiving microinjection of either 
amphetamine or saline. Significant effects were obtained for the 
accumbens (p<0.001) and amygdala (p<0.005) groups. The vertical 
line on each bar represents the standard error of the mean. 
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FIG. 3. Amount of water consumed during the test period by rats 
representing each brain site after receiving microinjection of either 
amphetamine or saline. Significant effects were obtained for the 
accumbens (p<0.00l) and amygdala (p<0.05) groups. The vertical 
line on each bar represents the standard error of the mean. 

F(5,94)=5.03, p<0.001,  and treatment,  F(1,94)=26.73, 
p<0.001),  and a significant site × treatment interaction, 
F(5,94)=5.07, p<0.001.  Simple main effects tests showed 
tha t  the amphetamine-injected nucleus accumbens group 
ate significantly less than the saline-injected group 
(p<0.001). A significant reduction was also produced by the 
intra-amygdala amphetamine injections (/9<0.005). No other 
treatment effects approaching significance were observed for 
any other site (p>0.1). 

The results of  the drinking experiment are presented in 
Fig. 3. A two-way analysis of  variance with one repeated 
measure (treatment) showed significant effects of  site, 
F(5,96)=11.17, p<0.001,  and treatment,  F(1,96)=15.29, 
p<0.001,  and a significant site × treatment interaction, 
F(5,96)=5.30, p<0.001.  The simple main effects tests 
showed that the amphetamine-injected nucleus accumbens 
group drank significantly less than the saline-injected group 
(p<0.001). A significant reduction of  drinking was also 
produced by the intra-amygdala amphetamine injections 
(p<0.05). No significant treatment effects were obtained 
from any other group (,o>0.05). 

D I S C U S S I O N  

Microinjections of  amphetamine into either the accum- 
bens or the amygdala resulted in both anorexia and adipsia. 
These observations contrast  with the findings of  Leibowitz 
[29], who found anorexia from lateral hypothalamic am- 
phetamine injections, but failed to find it from the accum- 
bens or the amygdala.  It is possible that differences in proce- 
dure could account for this discrepancy. Relative to the 
present study, Leibowitz used unilateral injections (same 
total dose), a more severe food deprivation schedule, a 
longer test period, and repeated testing. Although it is not 
possible to determine if one of  these factors accounts for the 
different results in the two studies, or if some other factor 
was involved, our early pilot data suggest that deprivation 
level may be an important factor. It is possible that the 

paradigm used by Leibowitz [29] is a more stringent test of 
anorexia (perhaps due to more severe food deprivation) and 
that the contributions of  the accumbens and amygdala,  being 
relatively weaker than that of  the lateral hypothalamus, are 
not apparent under those conditions. However ,  the present 
study demonstrates that the anorexia produced from these 
other sites, particularly the accumbens,  can be substantial. It 
is noteworthy that the amygdala placement of  Leibowitz was 
slightly more medial than the one used here and this may 
account for the discrepant findings at this site. Although our 
data diverge from those of  Leibowitz on the accumbens and 
amygdala,  the two studies concur on the finding of no 
anorexia from the caudate. The fact that Leibowitz finds 
strong anorexia from lateral hypothalamic injections in the 
absence of  effects from the accumbens or amygdala suggests 
that the hypothalamus is likely the primary mediator of the 
anorexia observed after systemic injections. That the ac- 
cumbens is not critical for this anorexia is suggested by the 
findings of Koob et al. [27] that 6-OHDA lesions of  the ac- 
cumbens dopamine system did not significantly affect the 
anorexia produced by systemic injections. We therefore ten- 
tatively suggest that amphetamine anorexia is mediated 
primarily by the lateral hypothalamus with relatively smaller 
Contributions from the accumbens and amygdala. 

The presence of  anorexia following amphetamine injec- 
tions into these three sites parallels the findings of  Heffner et 
al. [23] who found that when food deprived rats were given 
access to food, the concentrations of  a dopamine metabolite 
(DOPAC) were increased (suggesting increased dopamine re- 
lease) in the accumbens,  amygdala and hypothalamus, but 
not in other dopaminergic areas. The commonality of  active 
sites for dopamine release and amphetamine-induced 
anorexia suggests that the drug may suppress feeding by 
stimulating the brain mechanisms that normally mediate the 
animal 's  response to food. Regarding the amygdala,  Heffner 
et al. [23] found that dopamine release could also be 
produced by tube feeding or intragastric injections of saline. 
It therefore appears that amygdaloid dopamine may mediate 
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a satiety signal related to gastric distension, and perhaps 
intra-amygdala amphetamine decreased eating by mimicking 
this signal. 

Berger et al. [4] reported that rats tested in a stimulus-rich 
environment (after habituation) ate much less following am- 
phetamine than did rats habituated and tested in a barren 
environment. They interpreted these data as suggesting that 
amphetamine 's  anorexic effects may be due to its potentia- 
tion of  the secondary rewarding value of  external stimuli. 
This notion provides a possible mechanism for the anorexia 
and adipsia produced by accumbens amphetamine injections 
that is consistent with other behavioral effects of  these in- 
jections.  Intra-accumbens amphetamine has previously been 
shown to produce increases in activity levels [34]. These 
injections also produce conditioned place preferences [9] and 
rats self-administer the drug directly into the accumbens 
[25]. The anorexia, adipsia, increased activity, conditioned 
place preference and self-administration that are produced 
by intra-accumbens amphetamine can be interpreted as 
suggesting that the injections increase the tendency for an 
animal to approach all environmental stimuli as if they were 
" rewarding ."  On this hypothesis,  the increased activity 
caused by the accumbens injections reflects the animal 's  at- 
tempt to approach many environmental stimuli as if they 
were rewarding. The conditioned place preference and self- 
administration reflect the secondary rewarding properties 
acquired by environmental stimuli that are associated with 
the injections. Since all stimuli are reacted to as if they were 
rewarding, the prepotent  capacity of  natural rewards (such 
as food and water) to direct behavior is diminished, and as a 
result, the animal 's  eating and drinking are decreased.  This 
explanation for the observed anorexia and adipsia may ac- 

count for the failure of  Leibowitz [29] to demonstrate 
anorexia from intra-accumbens injections. The higher depri- 
vation level used in that study would have resulted in food 
being a more potent reward than it was in the present study. 
It would therefore be more likely to retain its capacity to 
direct behavior,  even when the rewarding value of  other 
stimuli are enhanced by the injections. 

It might be argued that the anorexia and adipsia observed 
following intra-accumbens amphetamine were due simply to 
the stimulation of locomotor activity [34]. If amphetamine 
stimulated a motor output system then the animal would be 
incapable of  eating or  drinking, and this would account for 
the present data. However,  this explanation would not ac- 
count for the conditioned place preference and s e l l  
administration that are produced by these injections and it is 
inconsistent with the pattern of  results observed in the pres- 
ent study. Although the average intake of  the accumbens- 
injected rats was lower than that of  saline-injected controls, 
several of  the amphetamine-injected rats ate amounts that 
were in the upper range of the saline control values and it 
was clear by informal observation of  these rats that they 
were very active during the test. The stimulation of  activity 
in these rats was confirmed later in the open field. The ability 
of some amphetamine-injected rats to eat normal amounts of  
food suggests that they were not simply exhibiting locomotor 
stimulation. This observation is more compatable with the 
hypothesis that the increased activity reflected an increased 
tendency of the animals to approach environmental stimuli, 
one of which was still food. 

It can be concluded from the present data that am- 
phetamine acts on the nucleus accumbens and to a lesser 
extent on the amygdala to produce anorexia and adipsia. 
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