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COOPER, 8. J., S. E. GREENWOOD AND D. B. GILBERT. The selective 5-HT, receptor antagonist, ondansetron,
augments the anorectic effect of d-amphetamine in nondeprived rats. PHARMACOL BIOCHEM BEHAV 45(3) 589-592,
1993. —Previous behavioural studies have shown that 5-hydroxytryptamine, (5-HT,) receptor antagonists either block or have
no effect on amphetamine-induced effects. The present experiments investigated whether or not the highly selective 5-HT,
receptor antagonist ondansetron would affect the anorectic effect of a small dose (1 mg/kg) of d-amphetamine. Nondeprived
male rats were tested in two feeding paradigms: consumption of a palatable sweetened mash and ingestion of a 3% sucrose
solution. Ondansetron (10-100 ug/kg) did not antagonize amphetamine-induced anorexia; instead, in both paradigms con-
sumption was reduced still further when the 5-HT, antagonist was given in conjunction with amphetamine. Ondansetron
given alone had significant effects on consumption, but the direction of the effect differed according to the paradigm.
Sweetened mash intake was significantly increased at 30 and 100 ug/kg, while sucrose ingestion was significantly reduced at
10 and 30 pg/kg ondansetron. It is suggested that ondansetron has two opposing effects on intake, one of which (hyperphagia)
can be masked by d-amphetamine, leaving an anorectic effect that augments that of d-amphetamine.

Ondansetron d-Amphetamine 5-HT,; receptors

Anorexia

THERE is a growing interest in the behavioural effects of
selective 5-hydroxytryptamine, (5-HT,) receptor antagonists
(1,7). In an early published study, Costall and colleagues re-
ported that ondansetron (GR38032F) injected either into the
nucleus accumbens or systemically blocked the effect of am-
phetamine to increase activity when it was injected into the
nucleus accumbens (6). In addition, they found that ondanse-
tron inhibited the hyperactivity response to intraaccumbens
injection of dopamine. From these and other data, these au-
thors concluded that ondansetron can reduce elevated dopa-
minergic activity in the mesolimbic system in both the rat and
marmoset (6). In support of this idea, Hagan and colleagues
(10) found that ondansetron reduced the increase in dopamine
turnover in the nucleus accumbens produced by injection of a
neurokinin analogue into the ventral tegmental area of rats.
Interestingly, Costall et al. noted that ondansetron did not
affect the hyperactivity induced by parenteral administration
of amphetamine (6), and we confirmed that it did not affect
amphetamine-induced hyperlocomotion (16). Subsequently, it
has been reported that the 5-HT; antagonists ICS-205,930 and
MDL 72222 did not affect an amphetamine-induced condi-
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tioned place preference and that several 5-HT, receptor antag-
onists, including ondansetron, failed to affect the discrimina-
tive stimulus effects of amphetamine (3,12) in rats. There is
evidence, nevertheless, that both effects of amphetamine, the
conditioned place preference and discriminative stimulus
properties, are mediated, at least to some degree, by the nu-
cleus accumbens (4,13).

We have been interested in the possible dopaminergic medi-
ation of amphetamine-induced anorexia in rats (9), and it is a
natural extension from this work to ask if a 5-HT, receptor
antagonist, like ondansetron, should block this effect. A re-
cent human psychopharmacological study by Silverstone and
coworkers (15) is relevant to this question. They found that
amphetamine decreased ratings of hunger in overnight-fasted
subjects, as expected. Ondansetron attenuated amphetamine’s
effect. In the present study, d-amphetamine-induced anorexia
was obtained in two groups of nondeprived rats: one trained
to consume a highly palatable sweetened mash, while the other
was trained to ingest a palatable 3% sucrose solution. In addi-
tion, effects of ondansetron alone were examined in the two
paradigms, as well as in combination with d-amphetamine.
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FIG. 1. The selective 5-hydroxytryptamine, (5-HT,) receptor antago-
nist ondansetron (10-100 ug/kg) significantly increased the consump-
tion of a sweetened mash in nondeprived rats over a 30-min test. The
results are shown as mean + SEM intake (g) (n = 20). Levels of
significance: *p < 0.05; **p < 0.01 (Dunnett’s test).

METHOD

Subjects

Animals were 40 adult, male hooded rats (General strain)
bred in the School of Psychology. They were housed in pairs
in plastic cages with ad lib access to Pilbury’s rat and mouse
breeding diet and water. They were maintained at a room
temperature of 22°C with a 12 L:12 D cycle (light on at
7:00 a.m.). Animals were weighed regularly before the tests to
accustom them to handling. They weighed 300-400 g at the
start of testing.

Drug Administration

Each animal served as its own control and was tested under
eight conditions. In the first four conditions, rats received 0,
10, 30, or 100 ug/kg ondansetron together with an injection
of d-amphetamine vehicle. In the second four conditions, they
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received 0, 10, 30, or 100 ug/kg ondansetron in combination
with 1.0 mg/kg d-amphetamine. The vehicle was isotonic sa-
line, and both drugs were injected 20 min before the test ses-
sion. The IP route of administration was used in both cases.
The order of injections was counterbalanced across animals,
and at least 48 h was left between consecutive injections.

Test Procedures

Animals were divided into two groups. The first group was
familiarised with the palatable sweetened mash over a period
of 5 days. The diet consisted of 100 ml sweetened condensed
milk, 300 m! ground maintenance diet No.1 (Special Diet Ser-
vices Ltd, Essex, UK), and 400 ml distilled water. After thor-
ough mixing, this sets to a firm consistency and each rat was
given a 30- to 50-g portion in daily 30-min tests. For the feed-
ing test, each animal was transferred to a stainless steel cage
(24 x 24 x 27 cm). By the end of the familiarisation period,
the latency to start eating was minimal. Consumption of the
diet was measured to the nearest 0.1 g with corrections made
for any spillage. The second group were familiarised with
drinking a 3% sucrose solution presented in a 100-ml gradua-
ted tube over a 5-day period. The test period was 30 min and
the volume of sucrose ingested was measured to the nearest
0.5 ml. The procedures were maintained for the two groups
through the drug testing phase of the experiments.

Data Analysis

A repeated-measures analysis of variance was used to eval-
uate the drug effects on the consumption of sweet mash and
sucrose. Dunnett’s ¢-test was used to compare individual injec-
tion conditions with the vehicle control. The data for ondanse-
tron alone are considered first in each case, followed by the
data for the d-amphetamine-ondansetron combinations.

RESULTS

Sweet Mash Intake

Under control conditions, nondeprived rats consumed
about 17 g of the sweetened mash in the 30-min test period.

1 d-Amphetamine (mg/kg)
100 Ondansetron (ng/kg)

FIG. 2. The anorectic effect of 1.0 mg/kg d-amphetamine was enhanced by ondansetron
(10-100 ug/kg) in rats consuming a sweetened mash over a 30-min test. Other details are

as described in the Fig. 1 legend.



ONDANSETRON AND d-AMPHETAMINE

30 4

intake (ml)
[~
(=]
1

10 A

3% sucrose

0 10 30

Ondansetron (ug/kg)

FIG. 3. Ondansetron significantly decreased the consumption of a
3% sucrose solution in a nonmonotonic manner. The most effective
dose tested was 10 ug/kg. Other details are as described in the Fig. 1
legend.

Ondansetron (10-100 pg/kg) had a significant effect on in-
take, F(3, 57) = 11.79, p < 0.001. This was due to a hyper-
phagic effect, significant at both 30 and 100 ug/’kg (Fig. 1).
Intake after 100 pg/kg ondansetron was almost 22 g.

d-Amphetamine (1.0 mg/kg) produced an expected anorec-
tic effect, significantly reducing the intake of food to 12 gin
the 30-min test (Fig. 2). Ondansetron enhanced the anorectic
effect so that in the condition when d-amphetamine was given
in combination with 100 ug/kg ondansetron intake was re-
duced to less than 9 g (Fig. 2).

3% Sucrose Intake

Under control conditions, nondeprived rats consumed
nearly 27 ml of the sucrose solution in the 30-min test period.
Ondansetron (10-100 pg/kg) had a significant effect on in-
take, F(3, 57) = 7.45, p < 0.001. However, in this paradigm
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ondansetron exerted significant anorectic effects at 10 and 30
pg/kg (Fig. 3). Intake after 10 ug/kg ondansetron was reduced
to less than 20 ml.

When d-amphetamine was coadministered with ondanse-
tron, the result (Fig. 4) was surprisingly similar to the results
for the sweetened mash. The d-amphetamine-induced an-
orexia was enhanced, in a dose-dependent way, by ondanse-
tron. Comparisons with the effects of ondansetron, alone, on
3% sucrose intake indicate that there was no simple additive
effect of the two drugs on intake. Thus, ondansetron (100 ug/
kg) did not significantly affect sucrose intake when given
alone but did produce the largest change in d-amphetamine-
induced anorexia. Conversely, ondansetron (10 pg/kg) had
the greatest effect when given alone but had relatively little
impact on d-amphetamine-induced anorexia (Figs. 3 and 4).

DISCUSSION

In the two experiments, there was no indication that the
selective 5-HT, receptor antagonist, ondansetron, antagonised
amphetamine-induced anorexia in rats. Instead, the effect of
amphetamine was enhanced in both cases by ondansetron.
These results contrast with other behavioural results that indi-
cate that under some circumstances 5-HT; receptor antago-
nists reduce amphetamine-induced effects (6) while under oth-
ers they fail to affect amphetamine-induced effects (3,12).
There is at present no single explanation for this diversity of
results, so the original suggestion that ondansetron’s effects
can be attributed to a reduction in mesolimbic dopamine activ-
ity (6), if true, can only account for a restricted set of the
behavioural data. An alternative possibility is that, under cer-
tain experimental conditions, 5-HT, receptor antagonists like
ondansetron may enhance dopaminergic activity, and if this
were to be the case then negative results (i.e., no apparent
effect of 5-HT, antagonists on amphetamine-induced behay-
ioural effects) are ambiguous.

Enhancement of amphetamine-induced anorexia by a selec-
tive 5-HT; receptor antagonist is an interesting finding and
implies that serotonergic agonist activity at 5-HT, receptors
may also modulate amphetamine’s anorectic effect. The data
suggest that more attention might be directed to possible sero-
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FIG. 4. The anorectic effect of 1.0 mg/kg d-amphetamine was enhanced by ondansetron (10-
100 pg/kg) in rats ingesting a 3% sucrose solution over a 30-min test. Other details are as described

in the Fig. 1 legend.
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tonergic-dopaminergic interactions underlying amphetamine-
induced anorexia and, more generally, of other drugs that
affect appetite.

A further interesting outcome of these studies is that on-
dansetron exhibited either hyperphagic or anorectic effects
when it was administered alone. Thus, there were significant
increases in sweet mash consumption at 30 and 100 pg/kg
ondansetron but significant decreases in 3% sucrose consump-
tion at 10 and 30 ug/kg ondansetron. These data appear to
point to two opposing effects of the 5-HT, receptor antago-
nists on feeding responses. In the first case, ondansetron may
suppress feeding, the effect being present at relatively small
doses. In the second, ondansetron may stimulate feeding, an
effect that becomes more evident at higher doses. An experi-
mental outcome would clearly depend upon the relative
weights of the two opposing tendencies, which may vary ac-
cording to the nature of the test paradigm. As a further pro-
posal, we might add that d-amphetamine masks the hyper-
phagic tendency of ondansetron. This would leave the
anorectic tendency of ondansetron unopposed, with the result
that the feeding-suppressant effect of d-amphetamine would
be reliably augmented.
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Earlier findings for 5-HT, receptor antagonists and feeding
have been recently reviewed (5). Shepherd and Rodgers de-
tected an increase in the time spent feeding when ondansetron
was administered to free-feeding male mice (14). In contrast,
Fletcher and Davies found that 1CS-205,930 significantly in-
creased the latency to eat and reduced feeding duration in
rats (8). ICS-205,930 has been found to potentiate naloxone’s
anorectic effect on food-deprived rats (2), while 1CS-205,930
and MDL 72222 reversed the anorectic response to imbalanced
amino acid diets in rats (11). The present data are the first to
demonstrate that ondansetron, given alone, significantly ei-
ther increased or decreased consumption depending upon the
type of food available. Further research should help clarify
the factors that lead one effect, or the other, to predominate
and this should throw light on the nature of the modulatory
effects of 5-HT; receptors antagonists on feeding responses.
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