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BAPTISTA, T., L. TENEUD AND L. HERNANDEZ. Enhancement of amphetamine anorexia after chronic administra-
tion of sulpiride in rats. PHARMACOL BIOCHEM BEHAV 45(1) 45-49, 1993. — Long-term administration of sulpiride
induces hyperphagia and obesity in female rats. After sulpiride withdrawal, a significant hypophagia has been observed. The
hyperphagia could be related to the blockade and the hypophagia to supersensitivity of dopamine D, receptors, in particular
those D, receptors located in the perifornical hypothalamus. If this were the case, an enhancement of anorexia induced by
amphetamine and dopamine should be observed after interruption of long-term sulpiride treatment. Two doses of systemic
sulpiride (20 or 200 mg/kg) and one dose of intrahypothalamic sulpiride (15 ug) were tested. Amphetamine was administered
by systemic or intrahypothalamic infusion. Dopamine was administered in the hypothalamus. After withdrawal of systemic
administration of sulpiride (200 mg/kg), an enhancement of anorexia induced by systemic amphetamine was observed.
However, the anorexia induced by intrahypothalamic injections of amphetamine or dopamine was not affected by the
interruption of the sulpiride treatment. These results suggest that the hypophagia following chronic sulpiride treatment is not
due to supersensitivity of D, dopamine receptors in the lateral hypothalamus. Moreover, the change in the response to

amphetamine might be related to supersensitivity of extrahypothalamic D, receptors.
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SULPIRIDE is a benzamide that has been used to prevent
vomiting and relieve the symptoms of schizophrenia (17,26).
Both effects have been attributed to a blockade of dopamine
receptors (26). Specifically, sulpiride binds strongly to D, re-
ceptors (14). Chronic sulpiride treatment increases body
weight in psychiatric patients (2) and rats (3), specifically in
female rats and prepuberal males (4).

Blockade of D, receptors by sulpiride and body weight
increase might be causally related. The crucial D, receptors
that sulpiride blocks to induce obesity might be located in the
perifornical lateral hypothalamus (PFH), where a dopaminer-
gic satiety system has been postulated (16). Several lines of
evidence support the hypothesis that blockade of the dopa-
minergic satiety system in the PFH might cause hyperphagia
and obesity during chronic systemic sulpiride treatment in rats
(3,6,16,20-24).

However, other D, receptors might participate in sulpiride-
induced obesity, for instance the D, receptors located in the
anterior pituitary, which inhibit prolactin secretion (14).
When the anterior pituitary D, receptors are blocked by sulpir-
ide, hyperprolactinemia is induced. The rise in prolactin could

cause hyperphagia and obesity because systemic administra-
tion of prolactin increases food intake and body weight in
female rats (19). In addition, the D, receptors in the area
postrema probably inhibit feeding at the end of a meal (10,17).
Blockade of these receptors might enhance feeding. In fact,
lesions of the area postrema increase eating of palatable food
in rats (12).

Chronic sulpiride administration produces dopamine re-
ceptor supersensitivity (DRS), evidenced as an increase of stri-
atal and mesolimbic binding sites (B, for *spiperone, ’N,n-
propylnorapomorphine, and sulpiride in rats treated with
sulpiride for 3 weeks (9,13,25). Behaviorally, DRS appears as
an exaggeration of behaviors induced by dopamine agonists
(9,13,25). The interruption of chronic administration of sulp-
iride causes hypophagia and body weight lost (3). These ef-
fects are probably due to DRS (5). In the present study, we
hypothesized that sulpiride withdrawal would enhance the an-
orexia induced by systemic administration of amphetamine.
Further, if the crucial DRS occurs in the PFH then anorexia
induced by intrahypothalamic injections of amphetamine or
dopamine should be enhanced too. We found that after sulpir-
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ide withdrawal the anorexia induced by systemic administra-
tion of amphetamine was enhanced, but this was not the case
with intrahypothalamic administration of amphetamine or do-
pamine.

METHOD

Subjects

Two-hundred and 27 adult, female rats of the Wistar strain
weighing 200-250 g were individually housed with high-fat
diet (66% powered rat food and 33% corn oil) and water ad
lib on a 12 L : 12 D cycle. Food was placed in spillage-proof
feeders. Body weight and food intake were measured daily.

Surgery

Under ketamine anesthesia (100 mg/kg, IP), bilateral 26-ga
stainless steel guide cannulae aimed 2 mm above the periforni-
cal hypothalamus were implanted. The stereotaxic coordinates
were: 6.5 mm anterior to the interaural line, 1.6 mm lateral to
the midsagittal sinus, and 5.7 mm ventral to the cortical sur-
face. The injectors were 33-ga stainless steel tubes connected
by PE 20 tubing to a 10-ml syringe mounted on a syringe
pump. They protruded 2 mm off the tip of the guide shafts.
The injection rate was 0.5 pl in 30 s.

Group Configuration

For intrahypothalamic injections, rats were chosen for the
study based upon the exhibition of strong feeding or drinking
behavior following acute administration of a bilateral injec-
tion of sulpiride in the PFH (15 ug/0.5 ul/30 s) at least 3 days
before initiation of the study. One-hundred and 32 rats met
these criteria. With this preliminary screening, it was reason-
able to assume that injections of amphetamine or dopamine
were acting on dopamine D, receptors.

Rats were divided into amphetamine intraperitoneal and
intrahypothalamic and dopamine intrahypothalamic groups.
The amphetamine/intraperitoneal group was then divided into
sulpiride and vehicle subgroups, each having rats that received
either 0.25, 0.5, or 1.0 mg/kg amphetamine prior to or follow-
ing administration of sulpiride or vehicle. The amphetamine/
intrahypothalamic group was also divided into sulpiride and
vehicle subgroups, but received only one dose of amphetamine
directly into the PFH (total dose of amphetamine was 30 pg/
1 u1/30 s) (22). This one dose of amphetamine was also admin-
istered prior to or following sulpiride or vehicle injections.

The dopamine/intrahypothalamic group was comprised of
sulpiride and vehicle subgroups, but received only one dose of
dopamine in the PFH (total dose of dopamine was 20 pg/1
p1/30 s) (20). All the amphetamine or dopamine sulpiride
groups were subdivided into those that received sulpiride (20
mg/kg, IP, for 21 days) and those receiving sulpiride (200
mg/kg, IP, for 21 days) (3,4,9,13,25). In addition, the anorec-
tic effect of intrahypothalamic dopamine was assessed in rats
treated with sulpiride directly injected into the PFH (total
daily dose of sulpiride: 30 ug/l ul/30 s for 21 days) or the
same volume of vehicle for 21 days.

Drugs

Racemic sulpiride (Delagrange, Paris, France) was dis-
solved in 0.1 N HCI. d-Amphetamine sulphate and pargyline
(Sigma Chemical Co., St. Louis, MO) were dissolved in 0.9%
NaCl and dopamine (Sigma) was dissolved in 0.3% ascorbic
acid. The dopamine experiments were conducted in pargyline-
pretreated or pargyline-free rats. Pargyline is an inhibitor of
monoamine oxidase tht prevents the rapid degradation of ex-
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ogenous dopamine. It was used to potentiate the effect of
dopamine on hypothalamic neurons because in our hands an-
orexia induced by local administration of dopamine in the
PFH is not a robust phenomenon (see below for further dis-
cussion). In addition, a negative result in pargyline-free rats
would be more reliable if it were negative in pargyline-
pretreated rats too. Pargyline HCI (15 mg/kg, IP) was injected
0.5 h before the dopamine test.

Procedure

Basal conditions. During a period of 10 days before
chronic sulpiride or vehicle administration, the effects of am-
phetamine or dopamine on food intake were assessed. Rats
were food deprived for 24 h before the test. Drugs were ad-
ministered at 0900 h. Each rat received four injections: two of
amphetamine or dopamine and two of vehicle. Food intake
was measured during 1 h after drug or vehicle administration.
Injections were done 2 days apart in a counterbalanced order.
The anorectic drug amphetamine was administered systemi-
cally or locally into the PFH. The anorectic effect of dopa-
mine was only tested with intrahypothalamic administration.
The amphetamine or dopamine anorectic effect was expressed
as “percentage of reduction of food intake.”

Sulpiride long-term administration and withdrawal. After
completing the control tests, sulpiride or vehicle was adminis-
tered daily for 21 days by intraperitoneal or intrahypothalamic
routes (see group configuration). The tests of amphetamine-
or dopamine-induced anorexia were repeated during the 10
days following sulpiride or vehicle withdrawal.

Statistical Analysis

The average of food intake under drug condition and under
vehicle condition was calculated. Finally, a percentage of food
intake under drug condition with respect to food intake under
vehicle condition was calculated for each rat. This way, we
obtained a figure that we called “percentage of reduction of
food intake.” The percentage of reduction of food intake after
chronic treatment with sulpiride or vehicle was subtracted
from the percentage of reduction of food intake before treat-
ments. The resulting figure for each animal was defined as
“change in the percentage of reduction of food intake.” The
changes in the percentage of reduction of food intake in the
sulpiride-treated group and its vehicle-treated control group
were compared by a one-way analysis of variance (ANOVA).
The hypothesis tested here predicted that the amphetamine- or
dopamine-induced anorexia should be greater after sulpiride
withdrawal.

RESULTS

The cannulae tracks were located in the perifornical hypo-
thalamus in the planes A5150-A5340 according to the Atlas
of Konig and Klippel (15).

Amphetamine-induced Anorexia

Systemic amphetamine. No effect was observed in rats
treated with sulpiride at the dose of 20 mg/kg IP, but in rats
that received 200 mg/kg IP sulpiride for 21 days amphetamine
at the doses of 0.5 and 1.0 mg/kg IP induced an anorexia that
was significantly greater than in the vehicle-treated group.
With amphetamine at the dose of 0.25 mg/kg IP, the same
trend was observed but it reached only marginal significance
due to a large interindividual variation (Fig. 1).

Intrahypothalamic amphetamine or dopamine. The an-
orexia induced by intrahypothalamic amphetamine was not
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FIG. 1. Change in the percentage of reduction of food intake (with respect to
vehicle) after systemic amphetamine in rats treated with daily injections of sulpiride
(200 mg/kg, IP) for 21 days (black bars, n = 7) or NaCl 0.9% 0.3 cc IP for 21
days (open bars, n = 7). With the dose of amphetamine of 0.25 mg/kg IP (1) no
significant effect was observed, F(1, 12)= 1.96, p < 0.1, but with the doses of 0.5
and 1 mg/kg IP (2 and 3, respectively) an enhancement of amphetamine anorexia
was observed, F(1, 12) = 9.23, p < 0.01, and F(1, 12) = 12, p < 0.004, respec-
tively.
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FIG. 2. Change in the percentage of reduction of food intake (with respect to
vehicle) after intrahypothalamic dopamine in rats treated with sulpiride (200
mg/kg, IP) for 21 days (black bars, n = 9) or NaCl 0.9% 0.3 cc IP for 21
days (open bars, n = 9). Dopamine-induced anorexia was not significantly
affected in rats pretreated (1) or not with pargyline (2), F(1, 18) = 0.23, p <
0.6, and F(1, 18) = 0.08, p < 0.7, respectively.
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modified (data not shown). The anorexia induced by adminis-
tration of dopamine into the PFH was not significantly
changed in any group treated with systemic or intrahypotha-
lamic sulpiride (Fig. 2).

DISCUSSION

After daily administration of sulpiride at the dose of 20
mg/kg IP, the anorectic effect of systemic amphetamine was
not significantly different from the amphetamine effect in ve-
hicle-treated rats. However, when the dose of sulpiride was
200 mg/kg IP the anorexia induced by systemic amphetamine
was significantly enhanced. These results suggest that the hy-
pophagia after sulpiride withdrawal was probably due to
DRS. However, sulpiride withdrawal did not affect the an-
orexia induced by intrahypothalamic injections of amphet-
amine or dopamine. Therefore, the enhancement of amphet-
amine-induced anorexia at the withdrawal of sulpiride is
probably due to DRS in extrahypothalamic areas.

Extrahypothalamic dopamine receptors involved in feeding
regulation are located in the mesolimbic system, mesocortical
system, the area postrema, and the nucleus of the tractus soli-
tarius (10-12). Low doses of amphetamine injected into the
nucleus accumbens increase feeding, but high doses of am-
phetamine decrease it (8). Therefore, if dopamine in the nu-
cleus accumbens plays a predominantly inhibitory role in feed-
ing DRS in this area could underlie the amphetamine anorexia
enhancement. Such an anorexia enhancement does not have
to be linked to satiety because amphetamine-induced hyper-
motility due to nigrostriatal and mesolimbic DRS could also
disrupt feeding.

On the other hand, the D, receptors in the area postrema
and the nucleus of the tractus solitarius participate in emesis
(17). The activation of these receptors by apomorphine in-
duces vomiting in mammals. Sulpiride withdrawal might cause
DRS in the area postrema and in the nucleus of the tractus
solitarius. In that case, systemic injections of amphetamine
might release catecholamines in those areas and enhance an-
orexia. Considering the contribution of extrahypothalamic D,
receptors to amphetamine anorexia, the dopamine receptors
in the PFH could be necessary but not sufficient to inhibit
feeding. Extrahypothalamic dopamine might act synergisti-
cally with D, receptors in the PFH or play a more important
role in sulpiride withdrawal hypophagia.
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Alternatively, neurotransmitters other than dopamine
could be involved in the anorexic effect of amphetamine in the
lateral hypothalamus (21). In fact, a good correlation between
anorexia induced by intrahypothalamic injections of serotonin
and amphetamine has been found (23). Therefore, the DRS in
the hypothalamus could be masked by a decrease of amphet-
amine-induced release of serotonin. This explanation seems
unlikely because neither systemic nor local administration of
sulpiride enhanced the anorexigenic effect of dopamine in the
PFH (Fig. 2).

Finally, the lack of enhancement of the anorexia induced
by intrahypothalamic infusions of amphetamine and dopa-
mine after sulpiride withdrawal suggests that hypothalamic
D, receptors do not develop supersensitivity after long-term
pharmacological blockade. It is well known that some dopa-
mine receptors show supersensitivity and other do not. For
example, DRS in the nigrostriatal and mesolimbic systems is
achieved after chronic sulpiride or haloperidol administration
(7,9,13,25). On the other hand, it is debatable as to whether
or not pituitary D, dopamine receptors in rats develop DRS
after pharmacological manipulations. Annunziato et al. (1)
found that, after repeated neuroleptic treatment, the serum
prolactin levels were significantly lower in rats treated with an
acute dose of neuroleptics. This suggests DRS in the pituitary
receptors. However, Dyer et al. (7) found that serum prolactin
levels at the end of 1 year of neuroleptic treatment remained
elevated compared to those in control animals, and the eleva-
tion of prolactin levels was not different from that obtained
by administration of an equivalent acute single dose of neuro-
leptics. This is not consistent with the development of DRS in
the pituitary receptors.

In conclusion, the results suggest that the hypophagia ob-
served after sulpiride withdrawal and the enhancement of
amphetamine anorexia might be due to dopamine receptors
supersensitivity. These results also suggest that extrahypothal-
amic dopamine receptors might play an important role in the
anorexia induced by amphetamine.

ACKNOWLEDGEMENTS

This work was supported by C.D.C.H.T. (U.L.A.), Grant M-351-
90. Thanks are extended to Ana C. Rojas for secretarial assistance
and to Dr. E. Briese and Martina Sitcoske for critical reading of the
manuscript.

REFERENCES

1. Annunziato, L.; Quattrone, A.; Schettini, G.; DiRenzo, F. Su-
persensitivity of pituitary dopamine receptors involved in the inhi-
bition of prolactin secretion. In: Cattabeni, F.; Racagni, A.;
Spano, P. F.; Costa, E., eds. Long-term effects of neuroleptics.
New York: Academic Press; 1980:379-386.

2. Baptista, T.; Herndndez, L. Influencia de los neurolépticos sobre
el peso corporal de ratas. Resumenes de la 31a, Convencién An-
ual de ASOVAC, Caracas, Venezuela, 1981, p 104.

3. Baptista, T.; Parada, M. A.; Herndndez, L. Long-term adminis-
tration of some antipsychotic drugs increases body weight and
feeding in rats: Are D2 receptors involved? Pharmacol. Biochem.
Behav. 27:399-405; 1987.

4. Baptista, T.; Parada, M. A.; Murzi, E. Puberty modifies sulpiride
effects on body weight in rats. Neurosci Lett. 92:161-164; 1988.

5. Baptista, T. Hypophagia after long-term administration of sulpir-
ide in adult female rats: A model of D, dopamine receptor super-
sensitivity? Med. Hypoth. 30:5-8; 1989.

6. Baptista, T.; Herndndez, L.; Hoebel, B. Systemic sulpiride in-

creases dopamine metabolites in the lateral hypothalamus. Phar-
macol. Biochem. Behav. 37:227-229; 1990.

7. Dyer, R. G.; Murugaiah, A.; Theodorou, A.; Clow, A.; Jenner,
P.; Marsden, C. D. During one year’s neuroleptic treatment in
rats striatal dopamine receptor blockade decreases but serum pro-
lactin levels remain elevated. Life Sci. 28:167-174; 1980.

8. Evans, K. R.; Vaccarino, F. J. Intra-nucleus accumbens amphet-
amine: Dose-dependent effects on food intake. Pharmacol. Bio-
chem. Behav. 25:1149-1151; 1986.

9. Halperin, R.; Guerin, J. J.; Davis, K. L. Regional differences in
the induction of behavioral supersensitivity by prolonged treat-
ment with atypical neuroleptics. Psychopharmacology (Berl.) 98:
386-391; 1989,

10. Hokfelt, T.; Martensson, R.; Bjorklund, A.; Kleinau, S.;
Goldstein, M. Distributional maps of tyrosine-hydroxylase-
immunoreactive neurons in the rat brain. In: Bjorklund, A.;
Hokfelt, T. eds. Handbook of chemical neuroanatomy. vol. 2.
New York: Elsevier; 1982:chap. VI.



ENHANCED AMPHETAMINE ANOREXIA AFTER CHRONIC SULPIRIDE 49

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hokfelt, T.; Johansson, O.; Goldstein, M. Chemical anatomy of
the brain. Science 225:1326-1334; 1984.

Hyde, T. M.; Miselis, R. R. Effects of area postrema/caudal
medial nucleus of solitary tract lesions on food intake and body
weight. Am. J. Physiol. 244:R577-R587; 1983.

Jenner, P.; Hall, M. D.; Murugaiah, N.; Rupniak, A.; Theod-
orou, A.; Marsden, C. D. Repeated administration of sulpiride
for three weeks produces behavioral evidence for cerebral dopa-
mine receptor supersensitivity. Biochem. Pharmacol. 31:325-328;
1982.

Kebabian, J. W.; Calne, D. B. Multiple receptors for dopamine.
Nature 277:93-96; 1979.

Konig, J. F. R.; Klippel, R. A. The rat brain: A stereotaxic atlas
of the forebrain and lower parts of the brain stem. Baltimore,
MD: Williams & Wilkins; 1963.

Leibowitz, S. F. Catecholaminergic mechanisms of the lateral
hypothalamus: Their role in the mediation of amphetamine an-
orexia. Brain Res. 98:529-545; 1975.

Marin, J.; Ibafiez, M. C.; Arribas, S. Therapeutic management
of nausea and vomiting. Gen. Pharmacol. 21:1-10; 1990.
Mizuchi, A.; Kitagawa, N.; Miyachi, Y. Regional distribution of
sultopride and sulpiride in rat brain measured by radioimmunoas-
say. Psychopharmacology (Berl.) 81:195-198; 1983.

Moore, B. J.; Gerardo-Gettens, T.; Horwitz, B. A.; Stern, J. S.

20.

21.

22,

23,

25.

26.

Hyperprolactinemia stimulates food intake in the female rat.
Brain. Res. Bull. 17:563-569; 1986.

Murzi, E.; Baptista, T.; Herndndez, L. Hypothalamic sites affect-
ing masticatory neurons in rats. Brain Res. Bull. 26:321-325;
1991.

Parada, M. A.; Herndndez, L.; Schwartz, D.; Hoebel, B. Hypo-
thalamic infusion of amphetamine increases serotonin, dopamine
and norepinephrine. Physiol. Behav. 44:607-610; 1988.

Parada, M. A.; Hernandez, L.; Hoebel, B. Sulpiride injections
in the lateral hypothalamus induce feeding and drinking in rats.
Pharmacol. Biochem. Behav. 30:917-923; 1989.

Parada, M. A.; Hernidndez, L. Does serotonin play a role in the
anorexia induced by intrahypothalamic injections of amphet-
amine? Brain Res. 577:218-225; 1992.

. Pizzi, M.; Coen, E.; Memo, E.; Missale. C.; Carruba, M. L.;

Spano, P. F. Evidence for the presence of D2 but not D1 dopa-
mine receptors in rats hypothalamus perifornical area. Neurosci.
Lett . 67:159-162; 1986.

Prosser, E. S.; Pruthi, R.; Csernansky, J. G. Differences in the
time course of dopaminergic supersensitivity following chronic
administration of haloperidol, molindone, or sulpiride. Psycho-
pharmacology (Berl.) 99:109-106; 1989.

Puech, A. J.; LeCrubier, Y.; Simon, P. Pharmacological classifi-
cation of Benzamides. Acta Psychiatry Scand. 311:139-146; 1984.



