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Abstract 

The effect of fluoxetine on feeding in p-chlorophenylalanine (PCPA) pretreated rats and the nature of its interaction with 
5-HT2c receptors have been investigated. Animals that received 3 days PCPA (150 mg/kg i.p.) pretreatment and vehicle on the 
test day consumed a similar amount as control, saline pretreated animals under the test paradigm used in this study. Fluoxetine 
(20 and 30 mg/kg p.o.) significantly reduced food intake in PCPA and control pretreated animals to a similar extent, despite an 
approximately 90% reduction in the levels of brain 5-hydroxytryptamine (5-HT) and 5-hydroxyindole acetic acid (5-HIAA) in the 
PCPA-pretreated animals. Thus, hypophagia is unlikely to be caused by inhibition of 5-HT reuptake. In the pig choroid plexus in 
vitro, fluoxetine and norfluoxetine inhibited specific [all] mesulergine binding with pKi's (+ S.E.M.) of 6.45 + 0.09 (n = 4) and 
6.05 + 0.05 (n = 3), and slope factors (+S.E.M.) of 1.06 + 0.14 and 0.99 + 0.13, respectively. In slices of piglet choroid plexus 
fluoxetine (1, 10 and 33 /LM) caused a rightward shift in the dose-response curve produced by 5-HT with no effect on the 
maximal response, and a mean pK n of 5.94 + 0.09. Norfluoxetine (10 /~M) also produced a rightward shift in the 5-HT 
dose-response curve with no effect on the maximal response, and a pK B of 6.20. Thus, both compounds acted as surmountable 
antagonists with no agonist efficacy at 5-HT2c receptors present in choroid plexus. The hypophagic effect of fluoxetine (20 
mg/kg p.o) was also unaffected by the non-specific 5-HT/c receptor antagonist metergoline (2 and 5 mg/kg i.p.). These findings 
suggest that the hypophagic effect of fluoxetine is not likely to be dependent upon intact brain 5-hydroxytryptaminergic 
presynaptic function, nor is it mediated by an agonist action at the 5-HT2c receptor, but by an additional, unknown mechanism. 
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I. Introduction 

Fluoxetine, an antidepressant that is reported to 
selectively inhibit the reuptake of 5-hydroxytryptamine 
(5-HT), reduces hunger and food intake in humans 
(McGuirk and Silverstone, 1990) and produces hy- 
pophagia in rats (Wong et al., 1988). Since increased 
5-HT neurotransmission reduces food intake (Samanin, 
1983), it has been assumed that the hypophagic effect 
of  fluoxetine in rats is due to an increase in the 
extracellular levels of 5-HT. However, it has been 
reported that its hypophagic effect in food-deprived 
rats is not reversed by a variety of 5-HT receptor 
antagonists (Wong et aL, 1988; Grignaschi and 
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Samanin, 1992). Moreover,  fluoxetine-induced hy- 
pophagia in non-deprived rats is maintained following 
an approximate 70% reduction in the level of brain 
5-HT, produced by pre-administration of 5,7-dihy- 
droxytryptamine (5,7-DHT) intracerebroventricularly 
(Grignaschi and Samanin, 1992). This is in contrast to 
the finding that the hypophagic effect of another  selec- 
tive serotonin reuptake inhibitor, sertraline, is indeed 
at tenuated by 5,7-dihydroxytryptamine lesioning of 5- 
HT-containing neurones (Lucki et al., 1988; Cervo et 
al., 1991). Thus, unlike sertraline the hypophagic effect 
of fluoxetine may be independent  of neuronal 5-HT. 
However, after 5 ,7-DHT administration there is an 
upregulation of some postsynaptic 5-HT receptors 
(Nelson et al., 1978; Zemlan et al., 1983), and, since 
30% of rat brain 5-HT was maintained in the Grig- 
naschi study, it cannot be excluded that the remaining 
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5-HT-containing neurones were able to mediate fluox- 
etine-induced hypophagia. 

In this study, we have further investigated the possi- 
ble role of endogenous 5-HT in the hypophagic effect 
of fluoxetine, by examining the effects of fluoxetine in 
food-deprived rats following 3 days pretreatment with 
p-chlorophenylalanine (PCPA) - a 5-HT synthesis in- 
hibitor reported to reduce brain 5-HT levels by approx- 
imately 90% after three daily doses (Dourish et al., 
1986). After an assessment of the effect of fluoxetine 
on feeding in PCPA-pretreated animals, the level of 
5-HT and its metabolite, 5-hydroxyindole acetic acid 
(5-HIAA), in their whole brains was measured. 

Fluoxetine and its metabolite, norfluoxetine have an 
appreciable affinity for the 5-HT2c receptor subtype 
(Wong et al., 1991, 1993), but whether they act as 
agonists or antagonists at this site is unknown. Since 
5-HT2c receptor activation produces hypophagia in 
rats (Kennett and Curzon, 1988, 1991), an agonist 
action at this receptor subtype by either fluoxetine or 
its metabolite may contribute to, or be responsible for, 
its hypophagic effect in normal and /o r  5,7-DHT-pre- 
treated animals. In an attempt to investigate the nature 
of the interaction between fluoxetine and norfluoxetine 
and the 5-HT2c receptor subtype, experiments have 
been carried out, in vitro, to examine whether they act 
as agonists or antagonists at 5-HTzc receptors present 
in the pig choroid plexus. In order to further investi- 
gate the possible role of 5-HTzc receptors in vivo, we 
have conducted experiments to determine whether me- 
tergoline (a non-specific 5-HT2c receptor antagonist) 
affects fluoxetine-induced hypophagia. 

2. Materials and methods 

2.1. Feeding experiments 

2.1.1. Food intake 
Male Sprague-Dawley rats (Charles River) (250-300 

g) were administered PCPA (methyl ester) (150 mg/kg 
i.p.-2 ml/kg) or vehicle I (0.9% saline) daily for 3 days. 
On day 3, the animals were housed singly and food-de- 
prived for 23 h pre-test. On day 4, animals from each 
pre-treatment group were given fluoxetine (20 or 30 
mg/kg p.o. - 1 ml/kg) or vehicle 2 (1% methyl cellu- 
lose solution) (n =17-20/group). 1 h later, approxi- 
mately 150 g of CRMX rat diet (SDS Whitam) was 
placed into each animal's food hopper. After a further 
4 h, the food remaining in the hoppers was weighed, 
and the amount consumed by each rat determined. 

In experiments carried out to investigate the effects 
of metergoline, similar animals were also housed singly 
and food-deprived for 23 h pre-test. On the test day, 
animals (n = 20/group) were dosed with fluoxetine (20 
mg/kg p.o. - 1 ml/kg) or vehicle 2 and, 30 min later, 

with metergoline (2 or 5 mg/kg i.p. - 1 ml/kg) or 
vehicle r After a further 30 min, approximately 150 g of 
CRMX rat diet (SDS Whitam) was placed into each 
animal's food hopper, and the amount consumed by 
each rat during the following hour was determined. 

2.1.2. Measurement of brain 5-HT and 5-HIAA levels 
Immediately after testing, 10 animals from each 

pretreated group that were dosed with vehicle on the 
test day, were sacrificed and their brains were re- 
moved. The brains were frozen and stored at -80°C. 
Upon thawing, the whole brains were homogenised in 
0.4 N HC104 containing 0.1% Na bisulphate, 0.1% 
cysteine and 0.01% EDTA. Levels of supernatant 5-HT 
and 5-HIAA were determined using HPLC with elec- 
trochemical detection (Hutson et al., 1989). 

2.2. Assessment of 5-HTec receptor activity 

Pig brains were obtained from a local slaughter- 
house and placed on ice immediately after death. 
Choroid plexus was carefully removed from the ventric- 
ular system, and sieved through nylon mesh (250/zm) 
prior to homogenisation. 

2.2.1. 5-HTec receptor affinity 
The affinity of fluoxetine for the 5-HT2c receptor 

was determined by measuring its displacement of 
3[H]mesulergine binding, using the method described 
by Pazos et al. (1984), with the exceptions that 3 nM 
spiperone was present, the filters were pre-soaked in 
polyethyleneimine (0.01%), and mianserin (1 /~M) was 
used to define non-specific binding. Binding parame- 
ters for drug competition studies were calculated using 
the 4-parameter logistic function according to De Lean 
et al. (1978) and ICs0 converted to K 1 values using the 
Cheng-Prusoff equation (Cheng and Prusoff, 1973). 

2.2.2. Measurement of 5-HT2c receptor-activated inositol 
phosphate accumulation 

Inositol phosphate accumulation in piglet choroid 
plexi was measured as described previously (Brown et 
al., 1991). Briefly, once removed, the choroid plexi 
were cross chopped on a McIlwain tissue chopper set 
at 300 /~m. The slices were washed twice in gassed 
(95% 02-5% CO2) Na+-Krebs at 37°C and then incu- 
bated with [3H]myo-inositol (10-20 Ci/mmol; stock 
solution dried under nitrogen and redissolved in Na +- 
Krebs) for 1.5-2 h at 37°C with constant gassing. After 
this incubation, the slices were washed 3 times. The 
slices were finally resuspended in an appropriate vol- 
ume of Li+-Krebs containing 100 ~tM pargyline, 6 ~M 
cocaine and 0.2 mM ascorbic acid. Incubations were 
carried out in Beckman Biovials in Li+-Krebs for 1 h at 
37°C in a shaking water bath. The total incubation 
volume was 300 /M. Drugs were added in a total 
volume of 20/~1. 5-HT was dissolved in 2 mM ascorbic 
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acid and was added in 10 ~1. Drugs were dissolved in 
Li+-Krebs containing 0.2 mM ascorbic acid and added 
in 10/zl. Incubations were started by addition to each 
vial of 280/zl of the slice suspension. The vial contents 
were gassed/mixed with a jet of 95% 02-5% CO 2 and 
sealed. Incubations were terminated by addition of 
chloroform-methanol and the inositol phosphates sepa- 
rated (Minchin and Wood, 1986). p K  B values were 
calculated for the antagonists, defined as --lOgl0KB, 
where K B = [antagonist] /DR - 1. DR is the dose ratio 
(the factor by which the concentration of the agonist 
has to be increased in the presence of the antagonist to 
obtain an effect identical to that observed in the ab- 
sence of the antagonist). The antagonist concentration 
is expressed in M and K B is the apparent dissociation 
constant. 

2.3. Drugs 

Fluoxetine hydrochloride was extracted from Eli 
Lilly 'Prozac'  tablets by SmithKline Beecham Pharma- 
ceuticals; norfluoxetine was made by SmithKline 
Beecham Pharmaceuticals; PCPA, polyethyleneimine, 
pargyline and cocaine were obtained from Sigma; 
E D T A  and ascorbic acid were obtained from BDH, 
Merck, Merck House, Poole, Dorset, UK; [3H]mesu- 
lergine and [3H]myo-inositol were obtained from 
Amersham International, Amersham Place, Little 
Chalfont, Bucks, UK; spiperone, metergoline and mi- 
anserin were obtained from RBI, Semat Technical 
(UK), Hatfield Road, St. Albans, Herts, UK. 

2.4. Statistics 

The results from the food intake experiments were 
analyzed by Newman-Keuls test following a significant 
two way analysis of variance. The change in brain levels 
of 5-HT and 5-HIAA was tested for significance by 
Student's t-type test. 

3. R e s u l t s  

3.1. The effects o f  PCPA on fluoxetine-induced hypopha- 
gia and brain levels o f  5-HT and 5-HIAA 

In saline-pretreated animals fluoxetine, at 20 and 30 
mg/kg,  significantly (P  < 0.01) reduced mean (_+ S.D.) 
food intake from 7.77 + 1.27 g (n = 18) to 4.04 _+ 2.40 g 
(n = 17) and 5.52 +_ 1.76 g (n = 17), respectively. Ani- 
mals that received PCPA pretreatment and vehicle 2 on 
the test day consumed a similar amount to the control 
saline-pretreated animals (7.36 _+ 1.84, n = 17). In 
PCPA-pretreated animals, fluoxetine, at 20 and 30 
mg/kg ,  significantly (P  < 0.01) reduced food intake to 
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Fig. 1. The effect of fluoxetine (20 and 30 mg/kg p.o.) on food intake 
(4 h) in PCPA (150 mg/kg i.p.) pretreated (daily for 3 days), food 
deprived (23 h) rats. Significantly different from appropriate vehicle 
treated group * *P<0.01, from corresponding saline pretreated 
group **P < 0.01 by the Newman-Keuls test. Verticle bars represent 
S.E.M., 17-20 animals/group. 

3.87 + 1.86 (n = 18) and 3.37 + 1.70 (n = 20), respec- 
tively. The reduction in the amount eaten following 
fluoxetine at 30 m g / k g  in PCPA-pretreated animals 
was significantly greater than the reduction produced 
by the same dose in saline-pretreated animals. Signifi- 
cant F values: effect of PCPA, F = 6 . 6  df 1, 101, 
P < 0.05; effect of fluoxetine, F = 40.8, df 2, 101, P < 
0.01; interaction of fluoxetine with mCPP, F = 12.6, df 
2, 101, P < 0.01 (Fig. 1). 

PCPA pretreatment caused an approximately 90% 
reduction in brain levels of 5-HT and 5-HIAA (Table 
1). 

Metergoline alone, at each dose tested, did not 
significantly affect the amount of food eaten, nor did it 
affect the significant reduction produced by fluoxetine 
at 20 m g / k g  (Table 2). F values: effect of 2 m g / k g  
metergoline, F = 1.0, df 1, 76, not significant, effect of 
fluoxetine F = 15.6, df 1,76, P < 0.01, interaction of 
fluoxetine with metergoline F = 0.3, df 1, 76, not signif- 

Table 1 
The effect of PCPA (150 mg/kg i.p., three daily doses) on whole 
brain 5-HT and 5-HIAA 

Pretreatment Level of 5-HT Level of 5-HIAA 
(daily for 3 days) (ng/g) (ng/g) 

Saline (i.p.) 316.7 + 20.3 251.1 _+ 9.7 
PCPA (150 mg/kg i.p.) 41.4 ± 3.0 a 20.6 _+ 2.0 a 

( - 87%) ( - 92%) 

Values are means_+S.E.M. (n=10). ap<0.001 different from 
saline-pretreated animals by Student's t-test. 
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Table 2 
The effect of metergoline (2 and 5 m g / k g  i.p.) on fluoxetine (20 
m g / k g  p.o.)-induced hypophagia 

p.o. pre t reatment  i.p. t reatment  Amoun t  eaten 
1 h pretest 30 min pretest during 1 h (g) 

Vehicle 2 Vehicle I 5.3 _+ 0.4 
Fluoxetine Vehicle 1 3.1 _+ 0.3 b 
Vehicle 2 Metergoline (2 m g / k g )  4.6 -+ 0.3 
Fluoxetine Metergoline (2 m g / k g )  3.2_+ 0.3 b 

Vehicle 2 Vehicle I 4.3 _+ 0.3 
Fluoxetine Vehicle t 2.9 _+ 0.2 b 
Vehicle 2 Metergoline (5 m g / k g )  3.7_+ 0.2 
Fluoxetine Metergoline (5 m g / k g )  2.8_+ 0.3 a 

Values are m e a n s +  S.E.M. (n = 17-20). a,bp < 0.05, 0.01 different 
from relevant control + vehicle;-treated group by the Newman-Keu l s  
test. 
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Fig. 3. Example of the effect of fluoxetine (33 ~zM) on 5-HT-stimu- 
lated inositol phosphate  production in piglet choroid plexus in vitro. 
o ,  5-HT; e, 5 - H T +  fluoxetine (33/xM). 

Table 3 
Inhibition of specific [3H]mesulergine binding to the 5-HT2c recep- 
tor by fluoxetine 

p K  t (n)  Slope factor 

Fluoxetine 6.45 + 0.09 (4) 1.06 _+ 0.14 
Norfluoxetine 6.05 + 0.05 (3) 0.99 _+ 0.13 
Mianserin 8.74 + 0.03 (3) 0.92 + 0.14 

Values are means-+ S.E.M. (n = 4). 

icant; effect of 5 mg /kg  metergoline, F = 2.4, df 1, 65, 
not significant, effect of fluoxetine F = 21.9, df 1, 65, 
P < 0.01, interaction of fluoxetine with metergoline 
F = 1.3, df, 1, 65 not significant. 

3.2. Interaction of fluoxetine with 5-HT2c receptors in 
the pig choroid plexus 

Fluoxetine and norfluoxetine inhibited specific 
[3H]mesulergine binding, in the pig choroid plexus, 
with PKrs of 6.45 + 0.09 (n = 4) and 6.05 + 0.05 (n = 
3), and slope factors of 1.06 + 0.14 and 0.99 + 0.13, 
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Fig. 2. Inhibition of specific [3H]mesulergine binding to membranes  
of pig choroid plexus by mianserin,  fluoxetine and norfluoxetine. 
Data  are means_+ S.E.M. (n = 3). 

respectively (Table 3; Fig. 2). In slices of piglet choroid 
plexus, 5-HT caused a 10-fold increase in inositol phos- 
phate accumulation with an ECs0 of 45 nM _+ 3 (n = 3). 
Fluoxetine (1, 10 and 33/zM) had no effect on inositol 
phosphate production, but caused a rightward shift in 
the dose-response curve produced by 5-HT with no 
effect on the maximal response, and, from three exper- 
iments, a mean p K  B of 5.94_+0.09 (Fig. 3 for an 
example). Norfluoxetine (10 IzM) also had no effect 
alone and produced a rightward shift in the 5-HT 
dose-response curve with no effect on the maximal 
response, giving a pK B of 6.20. Neither mesulergine 
nor mianserin stimulated inositol phosphate produc- 
tion (10-100 /zM), but also antagonised the effects of 
5-HT with no effect on the maximal response, giving 
mean pKB's of 8.83 _+ 0.14 (n = 6) and 8.12 _+ 0.19 (n = 
6), respectively. 

4. Discussion 

It has been assumed that the hypophagic effect of 
fluoxetine is mediated via its ability to inhibit the 
reuptake of 5-HT, and thereby increase the synaptic 
availability of this neurotransmitter. However, the re- 
sults from this study demonstrate that fluoxetine-in- 
duced hypophagia is maintained in rats following an 
approximately 90% reduction in brain 5-HT and 5- 
HIAA levels, and is therefore probably 5-HT indepen- 
dent. This conclusion is consistent with the failure of 
5-HT-containing neurone lesioning by 5,7-dihydroxy- 
tryptamine to alter fluoxetine-induced hypophagia in 
rats (Grignaschi and Samanin, 1992). However, in the 
former study approximately 30% of brain 5-HT re- 
mained, which may have been sufficient for a 5-HT- 
mediated hypophagic response. Furthermore,  results 
from an in vivo microdialysis study by Sharp et al. 
(1989), demonstrated that although intracerebroven- 
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tricular 5,7-DHT administration reduced the level of 
hippocampal 5-HT by 90%, the reduction in extracellu- 
lar 5-HT (2h after probe implantation), was only 57%. 
Thus, the 70% reduction in brain 5-HT reported in the 
study of Grignaschi and Samanin (1992) may be an 
overestimate of the reduction in synaptic 5-HT avail- 
ability. In contrast, results from another in vivo micro- 
dialysis study have demonstrated that following PCPA 
pretreatment the amount of 5-HT release from neu- 
rones is proportional to its depletion (O'Connell et al., 
1991). Therefore, the 90% reduction in overall brain 
5-HT observed in our study can be considered as 
representing a similar reduction in synaptically re- 
leased 5-HT. The maintained hypophagia following a 
reduction in brain 5-HT by PCPA administration is 
therefore stronger evidence against increased synaptic 
5-HT availability as being the mechanism responsible. 
However, it must be borne in mind that a small per- 
centage of 5-HT-like immunoreactive fibres in the an- 
terior or lateral hypothalamus are resistant to PCPA 
administration (Tohyama et al., 1988). Thus, an in- 
crease in the synaptic availability of 5-HT by fluoxetine 
in this region cannot be ruled out as mediating its 
hypophagic effect. 

Concerning the interaction of fluoxetine with 5-HT2c 
receptors, we have substantiated earlier reports that 
fluoxetine and its metabolite, norfluoxetine, have ap- 
preciable affinities for this receptor subtype in bovine 
brain (Wong et al., 1991, 1993), in a second animal 
species (porcine). The small difference in affinity esti- 
mates from the binding and functional experiments 
seen in this study may represent methodological differ- 
ences, but are, nevertheless, in good agreement. Since 
activation of 5-HT2c receptors is associated with hy- 
pophagia in rats (Kennett and Curzon, 1988, 1991), an 
agonist action by fluoxetine and/or  norfluoxetine at 
this site may have explained the maintenance of hy- 
pophagia in PCPA-pretreated animals. Yet in the pig 
choroid plexus, a functional model of 5-HTzc receptor 
activation (Brown et al, 1991), our results reveal that 
fluoxetine and norfluoxetine act as competitive antago- 
nists and have no intrinsic activity at this 5-HT recep- 
tor subtype. However, it is conceivable that fluoxetine 
and/or  norfluoxetine posses some intrinsic activity, 
and, due to an apparent low receptor reserve in the pig 
choroid plexus (Brown et al., 1991), act as competitive 
antagonists in this tissue, but may demonstrate agonist 
activity in a tissue that with a greater reserve of 5-HT2c 
receptors. Furthermore, it is possible that the pig 
choroid plexus is not appropriate when assessing in- 
trinsic activity of agents to be behaviourally tested in 
rats. Against these caveats is our observation that 
fluoxetine-induced hypophagia is not reduced by me- 
tergoline at a dose that reverses known 5-HTzc and/or  
5-HT2B receptor-mediated hypophagia (Samanin et al., 
1979; Kennett et al., 1994), a finding that is in keeping 

with those of other workers (Wong et al., 1988; Grig- 
naschi and Samanin, 1992). 

Interestingly, fluoxetine (30 mg/kg) reduced feeding 
significantly more in PCPA-pretreated, than in 
vehicle-pretreated animals ( -  54 vs. - 29%). Since 
PCPA administration upregulates 5-HT2c, but not 5- 
HTIA or 5-HT2A , receptor-mediated responses (Be- 
rendsen et al., 1991), an increase in fluoxetine-induced 
hypophagia might indeed be expected in PCPA-pre- 
treated animals if it and/or  its major metabolite act as 
direct agonists at this receptor subtype. However, flu- 
oxetine and/or  norfluoxetine may interact directly with 
other, as yet uninvestigated, 5-HT receptor subtypes, 
the function of which may also increase following PCPA 
administration. Alternatively, fluoxetine and/or  nor- 
fluoxetine may interact with non-5-HT systems that are 
also unregulated following PCPA pretreatment, albeit 
indirectly. For example, somatostatin and neuropep- 
tide Y concentrations in the rat brain are markedly 
elevated following PCPA administration (Kakigi and 
Maeda, 1992). 

When considering other possible mechanisms, a 5- 
HT-independent action of fluoxetine, that may influ- 
ence feeding control, is its ability to stimulate 
glycogenolysis in astrocytes, in vitro (Zhang et al., 
1993). Although attributed to direct stimulation of 5- 
HT2c receptors, the high concentrations of antagonists 
used by Zhang and coworkers (100 ~M mesulergine, 
for example) make this conclusion unlikely. Although 
possibly not mediated by activation of 5-HT2c recep- 
tors, the stimulation of glycogenolysis by fluoxetine in 
astrocytes is intriguing, firstly because it occurs in the 
absence of 5-HT, and, secondly, because it occurs at 
concentrations of fluoxetine that may be therapeuti- 
cally relevant (Zhang et al., 1993). 

As outlined in the Introduction, it is important to 
note that not all selective serotonin reuptake inhibitors 
have the same hypophagic profile as fluoxetine. For 
example, the hypophagic effect of sertraline is attenu- 
ated by 5,7-dihydroxytryptamine lesioning of 5-HT-con- 
taining neurones (Lucki et al., 1988; Cervo et al., 1991). 
Thus, unlike fluoxetine, the anorectic effect of sertra- 
line seems to be dependent upon the synaptic availabil- 
ity of 5-HT. 

One other property not shared by all selective sero- 
tonin reuptake inhibitors seems to be their influence 
on brain neuropeptide Y (NPY). Single and repeated 
administration of fluoxetine causes a reduction in the 
level of neuropeptide Y (NPY) in the paraventricular 
nucleus and lateral hypothalamic area of the rat brain 
(Dryden et al., 1994). However, repeated administra- 
tion of another selective serotonin reuptake inhibitor, 
zimelidine, has no such effect on hypothalmic NPY, 
and even increases its level in the frontal cortex (Heilig 
et al., 1988). Also, although the hypothalamus was not 
studied, repeated clomipramine administration has no 
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effect on NPY level in the rat frontal cortex and 
hippocampus (Bellman and Sperk, 1993). Since NPY 
administration into the paraventricular nucleus stimu- 
lates feeding (Stanley and Leibowitz, 1984), its reduc- 
tion by fluoxetine by an, as yet, unknown mechanism 
may account for fluoxetine-hypophagia. 

Clearly, the findings from this study do not reveal 
the mechanism of fluoxetine-induced hypophagia. 
However, they support a mechanism(s) other than an 
increase in the extracellular availability of 5-HT or 
direct stimulation of 5-HTzc receptors. Curiously, this 
is the same conclusion reached by Gibson et al. (1993) 
for d-fenfluramine, another inhibitor of feeding, previ- 
ously thought to act by increasing the synaptic avail- 
ability of 5-HT, and which also causes a reduction in 
NPY level in the ventromedial and dorsomedial nuclei 
in the lateral hypothalamus (Rogers et al., 1991). 
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