
Pharmacology Biochemistry & Behavior, Vol. 30, pp. 641-648. © Pergamon Press plc, 1988. Printed in the U.S.A. 0091-3057/88 $3.00 + .00 

Behavioural Microanalysis of 
the Role of Dopamine in 
Amphetamine Anorexia 

A N T H O N Y  T O W E L L ,  1 R I C H A R D  M U S C A T  A N D  P A U L  W I L L N E R  

Psychology Department, City o f  London Polytechnic, Old Castle Street, London E1 7NT 

R e c e i v e d  28 J a n u a r y  1985 

TOWELL, A., R. MUSCAT AND P. WILLNER. Behavioura! microanalysis of the role of dopamine in amphetamine 
anorexia. PHARMACOL BIOCHEM BEHAV 30(3) 641-648, 1988.--A microstructural analysis paradigm was used to 
study amphetamine anorexia. Doses above 0.40 mg/kg significantly reduced food intake by reducing eating time; in 
contrast, eating rate was increased at these doses. Examination of the frequency distribution ofinterresponse times (IRTs) 
revealed a significant shift to shorter IRTs at doses as low as 0.125 mg/kg. Pimozide blocked amphetamine anorexia at 0.5 
and 1.0 mg/kg, suggesting that at both doses amphetamine anorexia has a dopaminergic substrate. However, the atypical 
neuroleptic thioridazine did not antagonize amphetamine. Furthermore, effects of amphetamine were additive with those 
of apomorphine, administered at a dose known to suppress feeding by inhibiting mesolimbic DA neurons. These results 
provide evidence against an involvement of the mesolimbic DA system in amphetamine anorexia. 
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Mesolimbic DA neurons 

THE suppressant effects of  amphetamine on feeding are 
well-documented and are thought to be dependent on its 
stimulatory action at central catecholaminergic synapses 
which is brought about by the release of  transmitter from 
presynaptic terminals [5, 8, 32]. 

At high doses of amphetamine, it is clear that the anorexic 
effect is primarily a dopaminergic phenomenon, since the 
effects are markedly attenuated by pretreatment with 
neuroleptic drugs [1, 6, 14, 23]. Similarly, intrahypothalamic 
administration of  neuroleptics has also been shown to block 
anorexia after systemic administration of amphetamine [23]. 
However ,  the substrate for the anorexic effect of low doses 
of amphetamine (<1 mg/kg) is less certain. Burridge and 
Blundell [6] reported that a variety of neuroleptics, including 
the very specific dopamine (DA) receptor antagonist 
pimozide, failed to reverse the anorexic effect of 0.5 mg/kg 
amphetamine, while at higher doses, amphetamine anorexia 
was only partially reversed by neuroleptics. These data 
suggest that mechanisms other than DA may be involved in 
amphetamine anorexia, particularly at low doses. A number 
of  studies have suggested a role for noradrenaline (NA) [2, 
21, 23, 32, 36], although one did not [30]. 

Because the richness of  the underlying behaviour is con- 
cealed when the quantity of  food consumed is the only 
measure taken, many studies have applied a microstruc- 
tural analysis in which the pattern of  food consumption is 

dissected to establish parameters of feeding such as eating 
rate and eating time [5, 8-10]. The majority of  microstruc- 
tural studies of amphetamine anorexia concur in showing 
that amphetamine suppresses food intake by decreasing the 
duration of eating, whilst concurrently increasing the rate of 
eating [4, 5, 36]. As animals eat discrete meals and within 
these meals eat in discrete bouts [28], it is important to es- 
tablish that the calculation of microstructural parameters  is 
based only on data that are derived from within bouts of 
feeding; to do this it is desirable to establish a bout criterion for 
each animal. In an earlier study, we reported that the tech- 
nique of  log-survivor analysis of  the frequency distribution 
of interresponse times may be used to derive a bout criterion 
from data obtained in a brief (30 minute) feeding session [36]. 
This analysis allows bout characteristics to be assessed and 
therefore provides an accurate estimate of  eating rate and 
eating time. 

We now report  on experiments in which this technique 
was used to characterise the effects on amphetamine 
anorexia of the typical neurolpetic drug pimozide, and the 
atypical neuroleptic, thioridazine. Thioddazine is a clinically 
effective neuroleptic, but has been reported not to 
antagonise amphetamine induced stereotypy or locomotor 
activity [3,11 ]. A further experiment examined the interac- 
tion between amphetamine and the DA agonist apomor- 
phine, administered at a dose which we have previously 
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FIG. 1. Mean IRT frequency distributions for various doses of amphetamine (mg/kg). 
Close circles--control; open diamonds--0.125; closed diamonds--0.25; open triangles-- 
0.40; closed triangles--0.50; crosses--l.0. Inset: the 25th percentile of the IRT 
frequency distribution as a function of amphetamine dose. Two stars--p<0.01 rela- 
tive to control; three stars--p <0.001. 

shown to suppress feeding by an action at presynaptic inhibi- 
tory autoreceptors [37]. 

M E T H O D  

Subjects 

Twenty-four male Lister  hooded rats (OLAC), mean 
weight 330 g, were used in Experiment 1, and fifteen rats, 
mean weight 380 g, in Experiment 2; the animals were indi- 
vidually housed and maintained on a 21-hour food depriva- 
tion schedule, in which food was available between 14.00 hr 
and 17.00 hr daily, with water  available ad lib. 

Apparatus 

Operant chambers (Campden Instruments Ltd. ,  London), 
from which the levers had been removed,  were programmed 
to deliver a 45 mg food pellet (Campden Instruments Ltd. ,  
London),  whenever the perspex food tray door was pressed,  
subject to the constraint that presses spaced less than one 
second apart  were ineffective. The house light and tray light 
were illuminated continuously, and the chambers were 
housed in individual sound-attenuating boxes with smoked 
perspex viewing windows. Each response on the tray door 
was logged (to the nearest  0.1 see) by a Cromemco Z2 micro- 
computer,  which output the time of  each response on a vis- 
ual display unit (VDU), and subsequently produced a listing 
of response times and interresponse times (IRTs), an IRT 
frequency distribution and a log-survivor function. 

Drugs 

d-Amphetamine sulphate (Smith, Kline and French) was 
dissolved in distilled water, and administered intraperitone- 
ally 30 min before the start of  the session. Apomorphine HCI 
(Sigma) was dissolved in 0.02% ascorbic acid and adminis- 
tered subcutaneously in the scruff of the neck 10 min before 
the start of the session. Pimozide (Janssen) was dissolved in 
a small quantity of glacial acetic acid made up to volume with 
distilled water; thioridazine (Sandoz) was dissolved in phys- 
iological saline; these drugs were administered intraperito- 
neally 2 hr before the start of  the session. All injections were 
made in a volume of  1 ml/kg. 

Procedure 

Testing was carried out between 10.30 and 13.30 hr daily. 
Initially, test sessions were 30 rain in duration. When the 
animals were performing asymptotically,  30 min sessions 
were used on drug administration days,  and 10 min sessions 
were run on the intervening days. Except  during the initial 
training period, virtually all pellets earned were consumed. 
Pharmacological studies were initiated following the attain- 
ment of  asymptotic performance. 

In a preliminary to Experiment 1, all 24 animals were 
tested under each of  six doses of  amphetamine: 0, 0.125, 
0.25, 0.4, 0.5 and 1.0 mg/kg. All animals received each 
treatment once, according to an individually randomised de- 
sign; at least one drug-free day was allowed between suc- 
cessive treatments.  Subsequently,  two groups of six animals 
were tested with a range of  doses of pimozide (0, 0.15, 0.30, 



A M P H E T A M I N E  ANOREXIA 643 

250 

200 

150 

100 

50 

Q 

.a, 

1600 

1200 

* *  ~ 
~t " UJ 

~ 600 
LU 

- -  
1 -  

400 

B 

0 
O 0.5 1 .O O 0.5 

DOSE (mg/kg) DOSE (mg/kg) 

1.0 

.250 

S .~oo 
U,I 

; 
PuJ .150 
._1 

I1. 
v .100 
LU 
I'-- 

rr .050 

C 

Z 

<: 2 

O 0 .5  1.0 0 0.5 

DOSE (mg/kg) DOSE (mglkg) 

1.0 

FIG. 2. The effects of pimozide and amphetamine on microstructural parameters of feeding. (A) 
Total food intake; (B) Eating time; (C) Eating rate; (D) 25th percentile of the IRT frequency 
distribution. Triangles show the effects of pimozide pretreatments on amphetamine anorexia whilst 
crosses show the effects of vehicle pretreatment. Stars show significant differences from control. 
Dots show significant effects of pimozide pretreatment on amphetamine anorexia. One symbol-- 
p <0.05; two symbols--p <0.01; three symbols--p <0.001. 

0.45, 0.6 and 1.0 mg/kg) or thioridazine (0, 2.5, 5.0, 10, 20 
and 30 mg/kg) using a similar design to establish which dose 
to use in the next part of  the experiment.  The remaining 
twelve animals were used in the main part of  Experiment 1. 
The animals had been drug free for approximately one 
month. At  the start  of  the experiment,  the animals were rein- 
troduced to the operant chambers and 10-minute dally ses- 
sions were run until all animals returned to asymptotic per- 
formance. Doses of  pimozide and thioridazine, 0.45 and 5 
mg/kg respectively, were chosen on the basis of  the consid- 
eration that the doses should be as high as possible, but 
should not in themselves produce an anorexic effect. Six rats 
received all treatment combinations of  0, 0.5 or  1.0 mg/kg 
amphetamine and 0 or 0.45 mg/kg pimozide and six other rats 
received the doses of  amphetamine and 0 or  5.0 mg/kg 
thioridazine. Treatments were administered at two-day 
intervals in a counterbalanced order. 

In Experiment 2, the effects of amphetamine (0.5 mg/kg), 
apomorphine (0.05 mg/kg), and respective vehicle treatments 
were administered in a 2 x2 factorial design. Each animal 
received all four treatment combinations in a counterbal- 
anced order, at two-day intervals. 

Analysis 

In order to derive the microstructural parameters  of feed- 
ing, the frequency distribution of  interresponse times (IRTs) 
was subjected to log survivor analysis. Briefly, the distribu- 
tion of IRTs is expressed as the logarithm of  the number of 
IRTs greater than any given IRT. The "log-survivor func- 
t ion" falls linearly at low IRTs until a point is reached at 
which the slope suddenly decreases.  The discontinuity is 
known as the "break-poin t . "  We have previously demon- 
strated that there is a very high probabili ty that IRTs 
smaller than the break-point come from bouts of  continuous 
feeding, whilst IRTs greater than the break-point represent 
intervals between feeding bouts [36]. Log-survivor curves 
were constructed for every experimental session, and two 
experienced observers made independent blind assessments 
of the break-point. To aid identification of the break-point for 
each treatment condition, grouped log-survivor curves were 
constructed which define a region in the individual log- 
survivor curve where the break-point is likely to occur. 
When the two judges disagreed, which was seldom, the value 
was chosen which was closer to the centre .of the break-point 
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FIG. 3. The effects of thioridazine and amphetamine on microstructural parameters. (A) Total food 
intake; (B) Eating time; (C) Eating rate; (D) 25th percentile of the IRT frequency distribution. 
Triangles show the effects of thioridazine pretreatment on amphetamine anorexia whilst crosses 
show the effects of vehicle pretreatment. Stars show significant differences from control. Dots 
show significant effects of thioridazine pretre~.tment on amphetamine anorexia. One symbol-- 
p <0.05; two symbols--p <0.01 ; three symbols--p <0.001. 

region in the grouped curves. Following identification of the 
break-point,  values of  eating rate, eating time and other mi- 
crostructural parameters  were calculated as previously de- 
scribed [36]. Microstructural parameters were then sub- 
jected to analysis of  variance, supplemented where appro- 
priate by tests of  simple main effects and planned comparisons. 

RESULTS 

Amphetamine 
The effects of amphetamine were similar to those de- 

scribed in previous studies. Amphetamine caused a small but 
reliable reduction in total food intake at 0.4 (14%) and 0.5 
(13%) mg/kg [F(1,115)=9.1 and 7.9 respectively,  p<0.01],  
and a substantial  anorexic effect (37%) at 1.0 mg/kg, 
F(1,115)=65.0, p<0.001.  However ,  paradoxically,  am- 
phetamine increased the rate of  food intake; this effect was 
significant at 0.5 and 1.0 mg/kg [F(1,115)=8.1, 9.0 respec- 
tively, p <0.01 ]. The anorexic effects were entirely attribut- 
able to reductions in eating time IF(1,115) =20.1, p <0.001 at 

0.40 mg/kg], which were brought about primarily by reduc- 
tions in the length of  eating bouts [F(1,115) = 18.5, p <0.001 at 
0.40 mg/kg]. Associated with the reductions in bout length 
were significant increases in the number of bouts 
IF( l ,  115)=8.2, p<0.01 at 0.40 mg/kg]. The length of gaps be- 
tween bouts was also slightly increased, though these 
changes did not reach statistical significance, and at the 
highest dose used (1.0 mg/kg) amphetamine significantly in- 
creased the latency to initiate feeding, F(1,115)--8.3, 
p <0.01. 

While the effects of amphetamine on total food intake or 
on microstructural parameters were only apparent  at doses 
of 0.4 mg/kg or higher, it is clear from examination of  the IRT 
frequency distribution that lower doses did have a subtle 
effect on the temporal distribution of  responding, which is 
apparent  as a leftward shift in the peak of  the distribution 
(Fig. 1). The effects of amphetamine on the distribution of 
IRTs were analysed by calculating for each experimental  
session the IRT at which the 25th percentile of the distribu- 
tion occurred (Fig. 1: inset). All doses of amphetamine~ 
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FIG. 4. Mean IRT frequency distributions for amphetamine (0.5 mg/kg) and apomorphine (0.05 
mg/kg). For clarity, the two apomorphine curves have been displaced downwards; the vertical 
axis at the left refers to the upper curves while that at the right refers to the lower curves. The 
arrows mark the position of the 25th percentile of the frequency distribution. The inset shows 
total pellet intakes under the four conditions (mean and standard error). Stars show significant 
effects of amphetamine: One star--p <0.05; two stars--p <0.01; three stars--p <0.001. 

down to the lowest dose tested (0.125 mg/kg), caused a 
highly significant decrease in this index [F(1,115)=8.0, 
p <0.01 at 0.125 mg/kg; p <0.001 at 0.25 mg/kg or higher]. 

Pimozide 

Pimozide alone significantly increased bout length 
[F(1,15) =4.76, p <0.05: results not shown], leading to small 
and nonsignificant increases in eating time (Fig. 2B) and in 
the total number of pellets consumed (Fig. 2A). Following 
pimozide pretreatment, the reduction in food intake brought 
about by amphetamine was greatly attenuated at both doses 
[F(1,15)=10.3 and 14.6, p<0.01, for 0.5 and 1.0 mg/kg re- 
spectively (Fig. 2A)]. Pimozide reduced the effect of am- 
phetamine on both eating time [0.5 mg/kg, F(1,15)=18.3, 
p<0.001; 1.0 mg/kg, F(1,15)=12.0,p<0.01 (Fig. 2B)] and eat- 
ing rate I-F(1,15) =6.06, p <0.05 at 0.5 mg/kg], though the lat- 
ter effect was not significant at 1.0 mg/kg (Fig. 2C). Pimozide 
pretreatment also attenuated the increase in number of bouts 
[0.5 mg/kg and 1.0 mg/kg, F(1,15)=8.4 and 5.8 respectively, 
p <0.05], and nullified the leftward shift in the peak of the 
IRT frequency distribution (Fig. 2D); the 25th precentile of 
the distribution was reduced by amphetamine after vehicle 
pretreatment, F(2,20) =4.0, p <0.05, but did not change sig- 
nificantly after pimozide pretreatment, F(2,20)=1.6, NS. 

Thioridazine 

Unlike pimozide, thioddazine pretreatment had a minimal 
effect on amphetamine anorexia. Thioridazine was virtually 
without effect on the changes in total food intake, eating time 
and eating rate (Fig. 3A-C). Thioridazine pretreatment 

slightly attenuated the increase in the number of bouts 
caused by 1.0 mg/kg amphetamine [F(1,15)=5.95, p <0.05: 
results not shown], but actually enhanced the increase in la- 
tency at this dose [F(1,15)=7.97, p<0.05: results not shown]. 
Thioridazine also appeared to enhance the leftward shift 
in the peak of the IRT frequency distribution (Fig. 3D) and at 
0.5 mg/kg amphetamine, the 25th percentile of the distribu- 
tion was significantly lower after thioridazine pretreatment 
than after vehicle, F(1,15) =6.2, p <0.025. 

Apomorphine 

Apomorphine caused a 19% reduction in food intake, 
F(1,28) =4.7, p <0.05, an effect similar in size to that seen at 
this dose in earlier studies [27,37]. Unlike amphetamine, 
apomorphine caused a substantial decrease in eating rate, 
F(1,28) =16.6, p <0.001, reflected in a rightward shift in the 
IRT frequency distribution, and a significant increase in the 
25th percentile, F(1,28) =25.9, p <0.001. The effects of am- 
phetamine and apomo~hine were additive (Fig. 4: inset): 
amphetamine reduced feeding by 21% in control conditions, 
F(1,28) =6.9, p <0.05, and by a further 22% in the presence of 
apomorphine, F(1,28)=5.0, p<0.05, the interaction term 
being insignificant, F(1,14)=0.05, NS. Effects of the two 
drugs on the shape of the IRT frequency distribution were 
also additive (Fig. 4), as were their effects on microstructural 
parameters (not shown). 

DISCUSSION 

In their general theory of stimulant drug action, Lyon and 
Robbins [25] suggested that the anorexic effect of am- 
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phetamine might be a side effect of  the drug's general stimu- 
lant effect. Briefly, they proposed that stimulant drugs in- 
creased the intensity of  ongoing behaviour within a decreas- 
ing number of response categories; as the dose of  am- 
phetamine increases, complex behavioural sequences can no 
longer be performed, until at very high doses only persever- 
ations and stereotypies remain [25,29]. The present results 
would tend to support an analysis within the framework of  
this theory: at all doses tested, down to a dose as low as 
0.125 mg/kg, the increasing proportion of short IRTs reveals 
a subtle stimulant effect. 

The fact that pimozide reversed the effect of am- 
phetamine on all microstructural parameters of feeding pro- 
vides clear evidence that at both low (0.5 mg/kg) and mod- 
erate (1.0 mg/kg) doses, amphetamine anorexia is a 
dopaminergic phenomenon. This conclusion is consistent 
with those of  two other recent studies, in which anorexic 
effects of  0.5 mg/kg amphetamine (or lower) were antago- 
nized by 6-hydroxydopamine (6-OHDA) lesions of the ni- 
grostriatal DA system [18] or by the selective D1 receptor 
antagonist SCH-23390 [15]. We have previously shown that 
anorexia at 0.5 mg/kg amphetamine also appears to have a 
beta-adrenergic component [36]. However, these two find- 
ings are not incompatible: an involvement of  both dopam- 
inergic and beta-adrenergic systems in amphetamine 
anorexia is supported by the finding that the administration 
of antagonists at either DA or beta-receptors attenuated am- 
phetamine anorexia when applied directly to the perifornical 
hypothalamus [21,24]. Of the two systems, DA appears to 
predominate: anorexia caused by hypothalamic administra- 
tion of the beta-adrenergic agonist adrenaline was blocked 
by DA receptor antagonists, but anorexia caused by hypo- 
thalamic administration of DA was not reversed by beta- 
blockers [22,24]. 

The reversal by pimozide of  the effects of the lower dose 
of  amphetamine disagrees with earlier results reported by 
Burridge and Blundell [6]. The difference is difficult to re- 
solve. In both studies, 0.5 mg/kg amphetamine produced 
around a 25% reduction in feeding. The dose of  pimozide 
used in the Bunfidge and Blundell study (0.5 mg/kg) was 
slightly higher than the dose used in the present study 
(0.45 mg/kg). A higher dose could in principle induce 
motor incapacitation, which would disrupt eating; however, 
Burridge and Blundell reported that food intake under 
pimozide was unimpaired. Whatever the reason for the dis- 
crepancy, the present experiment has produced clear evi- 
dence that even at low doses, amphetamine anorexia does 
depend on DA. 

Unlike pimozide, thioridazine failed to antagonise am- 
phetamine anorexia, even at a dose ten-fold higher than pre- 
viously used [6]. Similar results have been reported with 
other atypical neuroleptics, such as clozapine and sulpiride 
[6,15]. The implication of  these findings seems to be that the 
established antipsychotic action of  thioridazine and other 
atypical neuroleptics [13] depends on some property of  the 
drug other than its ability to block the DA receptors that are 
indirectly stimulated by amphetamine. Acute administration 
of  classical neuroleptics such as pimozide or haloperidol is 
known to increase DA cell f'Lring. The atypical neuroleptics 
have been shown on acute treatment to increase DA cell 
firing in the mesolimbic DA system only [7,35]. This dis- 
sociation of  drug action between the mesolimbic and nigro- 
striatal systems was further seen following chronic thi- 
oridazine treatment, which caused a selective reduction in 

the firing rate of mesolimbic DA neurons [12]. These results 
suggest that it may be the selectivity of atypical neuroleptics 
for mesolimbic DA neurons which gives them their 
antipsychotic properties and perhaps also, their relatively 
low incidence of  side effects. However, thioridazine does 
not reverse the amphetamine-induced locomotion which is 
known to result from stimulation of postsynaptic DA recep- 
tors in the mesolimbic system 13,11]. It may be that 
thioridazine exerts its neuroleptic properties largely through 
a presynaptic action in the mesolimbic system which is not 
reflected in the effects of amphetamine. In fact, we have 
recently shown that thioridazine, at the same dose that in 
this study had no effect on amphetamine anorexia, did 
abolish an anorexic effect of comparable magnitude caused 
by stimulation of presynaptic DA receptors with apomor- 
phine [37]. 

We have previously demonstrated that, at the low dose 
used in the present study, the anorexic effects of apomor- 
phine are antagonized by centrally acting DA antagonists, 
including the specific D2 receptor antagonist sulpiride [27]; 
the failure of  domperidone, a peripherally acting DA 
antagonist [20], confirms a central site of  action [27]. The 
effects of apomorphine were blocked by tetrabenazine, 
which disables presynaptic DA terminals (Muscat and 
Willner, submitted), but unaffected by SCH-23390 [34], a 
selective D1 receptor antagonist [16,17]. Together, these re- 
sults argue strongly that the anorexic effects of a low dose of 
apomorphine are mediated presynaptically. This conclusion 
is supported by the further observation that the anorexia 
caused by a low systemic dose of  apomorphine is similar in 
its microstructural characteristics to that brought about by 
directly stimulating central presynaptic receptors, but differ- 
ent from the effect of directly stimulating postsynaptic recep- 
tors [33,34]. As presynaptic DA receptors are inhibitory, it 
follows that a low dose of apomorphine reduces feeding by 
inhibiting activity in DA neurons. 

If amphetamine reduces feeding by increasing DA re- 
lease, and apomorphine reduces feeding by decreasing DA 
release, it might be expected that the two drugs would tend 
to counteract one another. In fact, the effects of am- 
phetamine and apomorphine were additive. It is difficult to 
see how this paradox might be resolved if the two drugs were 
acting at a common site. However, it is clear that the effects 
of  apomorphine and amphetamine are mediated by different 
populations of  recpetors, since apomorphine anorexia is 
antagonised by the D2 receptor antagonist sulpiride but not 
by the D1 antagonist SCH-23390 [34], while the reverse is 
true of  amphetamine anorexia [15]. Furthermore, it seems 
likely that amphetamine and apomorphine may reduce feed- 
ing by actions on different populations of  DA neurons. We 
have found that anorexic effects of  apomorphine may be 
reliably elicited from the ventral tegmental area or the nu- 
cleus accumbens but not from the substantia nigra [34,37], 
suggesting that apomorphine anorexia may involve the 
mesolimbic DA system but not the nigrostriatal DA system. 
Amphetamine anorexia, by contrast, was unaffected by 
6-OHDA lesions of the mesolimbic system [19], but was at- 
tenuated by 6-OHDA lesions of  the nigrostriatal system [18]. 
Knife cut studies suggest that the fibres responsible may 
arise in or near the substantia nigra and terminate in the 
perifornical region of the lateral hypothalamus [26]. The fail- 
ure of  apomorphine to antagonize amphetamine anorexia 
provides further evidence that the mesolimbic DA system is 
not involved in this effect of amphetamine. 



A M P H E T A M I N E  A N O R E X I A  647 

ACKNOWLEDGEMENTS 

We are grateful to Janssen, Sandoz and Smith, Kline and 
French, for providing us with pimozide, thioridazine and am- 
pbetamine, respectively; to Tony Blazeby, Steven Goddard, Jeremy 
Vine and Lester Waugh for technical assistance; and to Sheila Clark 
who prepared the manuscript. This study was partially supported by 
the Medical Research Council of Great Britian. 

REFERENCES 

1. Abdallah, A. H.; Roby, D. M.; Boeckler, W. H.; Riley, C. C. 
Role of DA in the stimulant effect of DITA in mice: comparisons 
with d-amphetamine. Eur. J. Pharmacol. 35:29-34; 1976. 

2. Ahlskog, J. E. Food intake and amphetamine anorexia after 
selective forebrain norepinephrine loss. Brain Res. 82:211-240; 
1974. 

3. Bentall, A. C.; Herberg, L. J. Blockade of amphetamine- 
induced locomotor activity and stereotypy in rats by 
spiroperidol but not by an atypical neuroleptic, thioridazine. 
Neuropharmacology 19:699-703; 1974. 

4. Blundell, J. E.; Latham, C. J. Pharmacological manipulation of 
feeding behaviour: possible influences of serotonin and 
dopamine on food intake. In: Garattini, S.; Samanin, R., eds. 
Central me6hanisms of anorectic drugs. New York: Raven 
Press; 1978:83-109. 

5. Blundell, J. E.; Latham, C. J. Characterisation of adjustments 
to the structure of feeding behaviour following pharmacological 
treatment: Effects of amphetamine and fenfluramine and the 
antagonism produced by pimozide and metergoline. Phar- 
macol. Biochem. Behav. 12:717-722; 1980. 

6. Burridge, S. B.; Biundell, J. E. Amphetamine anorexia: antag- 
onism by typical hut not atypical neuroleptics. Neurophar- 
macoiogy 18:453-457; 1979. 

7. Chiodo, L. A.; Bunney, B. S. Typical and atypical neuroleptics: 
differential effects of chronic administration on the activity of 
A9 and A10 midbrain dopaminergic neurons. J. Neurosci. 
3:1607-1619; 1983. 

8. Cooper, S. J.; Francis, R. L. Feeding parameters with two food 
textures after chlordiazepoxide administration, alone or in 
combination with d-amphetamine or fenfluramine. Psycho- 
pharmacology (Berlin) 62:253-259; 1979. 

9. Cooper, S. J.; Francis, R. L. Interactions of chlordiazepoxide 
and anorectic agents on rate and duration parameters of feeding 
in the rat. Psychopharmacology (Berlin) 69:261-265; 1980. 

10. Cooper, S. J.; Sweeney, K. F. Effects of spiperone alone and in 
combination with anorectic agents on feeding parameters in the 
rat. Neuropharmacology 19:997-1003; 1980. 

11. Costall, B.; Naylor, R. J. Detection of the neuroleptic proper- 
ties of clozapine, sulpiride and thioridazine. Psychophar- 
macologia 43:69-74; 1975. 

12. Creese, I. Classical and atypical antipsychotic drugs: new in- 
sights. Trends Neurosci. 6:480-481; 1983. 

13. Creese, I.; Burt, D. R.; Snyder, S. H. Dopamine receptor bind- 
ing predicts clinical and pharmacological potencies of 
antischizophrenic drugs. Science 192:481-483; 1976. 

14. Frey, H.; Schulz, S. On the central mediation of anorexic drug 
effects. Biochem. Pharmacol. 22:3041-3049; 1973. 

15. Gilbert, D. B.; Cooper, S. J.  Analysis of dopamine D1 and D2 
receptor involvement in d- and I-amphetamine induced anorexia 
in rats. Brain Res. Bull. 15:385-389; 1985. 

16. Hyttel, J. SCH-23390--the first selective dopamine D-1 
antagonist. Eur. J. Pharmacol. 91:147-152; 1983. 

17. Iorio, L. C.; Barnett, A.; Leitz, F. H.; Houser, U. P.; Korduba, 
C. A. SCH-23390, a potential benzazepine antipsychotic with 
unique interactions on dopaminergic systems. J. Pharmacol. 
Exp. Ther. 226:93-96; 1983. 

18. Joyce, E. M.; Iversen, S. D. Dissociable effects of 6- 
OHDA-induced lesions of neostriatum on anorexia, locomotor 
activity and stereotypy: The role of behavioural competition. 
Psychopharmacology (Berlin) 83:363-366; 1984. 

19. Koob, G. F.; Riley, S. T.; Smith, S. L.; Robbins, T. W. Effects 
of 6-hydroxydopamine lesions of the nucleus accumbens septii 
and olfactory tubercle on feeding, locomotor activity and am- 
phetamine anorexia in the rat. J. Comp. Physiol. Psychol. 
92:917-927; 1978. 

20. Laduron, P. M.; Leysen, J. E. Domperidone, a specific in vitro 
dopamine antagonist, devoid of in vivo central dopamine activ- 
ity. Biochem. Pharmacol. 28:261-265; 1979. 

21. Leibowitz, S. F. Identification of catecholamine receptor mech- 
anisms in the perifornical lateral hypothalamus and their role in 
mediating amphetamine and 1-DOPA anorexia. In: Garattini, 
S.; Samanin, R., eds. Central mechanisms of anorectic drugs. 
New York: Raven Press; 1978:39-82. 

22. Leibowitz, S. F. Neurochemical systems ~f the hypothalamus. 
Control of feeding and drinking behaviour and water electrolyte 
excretion. In: Morgane, P. G.; Panksepp, J., eds. Handbook of 
the hypothalamus, vol 3A. New York: Marcel Decker Inc.; 
1982:299-438. 

23. Leibowitz, S. F.; Brown, L. L. Histochemical and phar- 
macological analysis of catecholaminergic projections to the 
perifornical hypothalamus in relation to feeding inhibition. 
Brain Res. 201:315-345; 1980. 

24. Leibowitz, S. F.; Rossakis, C. Analysis of feeding suppression 
produced by perifornical hypothalamic injection of catechola- 
mines, amphetamines and mazindol. Eur. J. Pharmacol. 53:69- 
81; 1978. 

25. Lyon, M.; Robbins, T. W. The action of central nervous system 
stimulant drugs: A general theory concerning amphetamine ef- 
fects. In: Essman, M. V.; Valzelli, L., eds. Current devel- 
opments in psychopharmacology 2. New York: Spectrum Pub- 
lications Inc.; 1976:81-162. 

26. McCabe, J. T.; de Bellis, M.; Leibowitz, S. F. Clonidine in- 
duced feeding: analysis of central sites of action and fiber pro- 
jections mediating this response. Brain Res. 309:85-104; 1984. 

27. Muscat, R.; Willner, P.; Towell, A. Apomorphine anorexia. A 
further pharmacological characterization. Eur. J. Pharmacol. 
123:123-131; 1986. 

28. Richter, C. P. Animal behaviour and internal drives. Q. Rev. 
Biol. 2:307-343; 1927. 

29. Robbins, T. W. Behavioural determinants of drug action: rate 
dependency revisited. In: Cooper, S., ed. Theory of psycho- 
pharmacology, vol II. New York: Raven Press; 1981:2-62. 

30. Sahakian, B. J.; Winn, P.; Robbins, T. W.; Deeley, R. J.; 
Everett, B. J. ; Dunn, L. T.; Wallace, M.; James, W. P. Changes 
in body weight and food related behaviours induced by destruc- 
tion of ventral or dorsal noradrenergic bundle in the rat. Neuro- 
science 4:1405-1420; 1983. 

31. Samanin, R.; Bendotti, C.; Beruasconi, S.; Potaccini, R. Differ- 
ential role of brain monoamines in the activity of anorectic 
drugs. In: Garattini, S.; Samanin, R., eds. Mechanisms of 
anorectic drugs. New York: Raven Press; 1978:233-242. 

32. Samanin, R.; Garattini, S. Neuropharmacology of feeding. In: 
Silverstone, T., ed. Drugs and appetite. Life Sciences Research 
Report; 1981:1-25. 

33. Towell, A.; Muscat, R.; Willner, P. Apomorphine anorexia: The 
role of DA cell body autoreceptors. Psychopharmacology (Ber- 
lin) 89:65-68; 1986. 

34. Towell, A.; Willner, P.; Muscat, R. Apomorphine anorexia: 
The role of dopamine receptors in the ventral forebrain. Psy- 
chopharmacology (Berlin); in press. 



648 T O W E L L ,  M U S C A T  A N D  W I L L N E R  

35. White, F. J.; Wang, R. Y. Comparison of the effects of chronic 
haloperidol treatment on A9 and A10 dopamine neurons in the 
rat. Life Sci. 32:983-993; 1983. 

36. Willner, P.; Towell, A. Microstructural analysis of the involve- 
ment of beta-receptors in amphetamine anorexia. Pharmacol. 
Biochem. Behav. 17:255-262; 1982. 

37. Willner, P.; Towell, A.; Muscat, R. Apomorphine anorexia: a 
behavioural and neuropharmacological analysis. Psychophar- 
macology (Berlin) 87:351-356; 1985. 


