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Rapid communication 
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Abstract 

To determine whether fenfluramine's anorectic and neurotoxic effects could be dissociated, rats were treated with fenflu- 
ramine or the serotonin transporter blocker fluoxetine, alone or in combination. Fenfluramine alone produced anorexia, weight 
loss and lasting depletions of brain serotonin axon markers. Fluoxetine prevented fenfluramine-induced long-term serotonergic 
deficits, yet did not diminish fenfluramine's acute anorectic effects. These findings indicate that fenfluramine's anorectic and 
neurotoxic actions are distinct and separable. 
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( + )-3,4-Methylenedioxymethamphetamine 
(MDMA, 'ecstasy') is a synthetic amphetamine deriva- 
tive that is used recreationally and is known to damage 
brain serotonin neurons in rats (Commins et al., 1987), 
monkeys (Ricaurte et al., 1992) and, possibly, humans 
(McCann et al., 1994). MDMA users report  that, when 
they take MDMA in combination with the serotonin 
transporter blocker fluoxetine, they still experience 
MDMA's  unique reinforcing subjective effects (Mc- 
Cann and Ricaurte, 1993). For reasons we have de- 
tailed elsewhere (McCann and Ricaurte, 1993), these 
reports strongly suggest that MDMA's  behavioral and 
neurotoxic effects may be separable. The present study 
sought to determine whether the anorectic and neuro- 
toxic effects of fenfluramine, a structurally related am- 
phetamine, might also be separated through the use of 
fluoxetine. Despite extensive evidence that fenflur- 
amine has high neurotoxic potential toward brain sero- 
tonin neurons in animals (Schuster et al., 1986; Ricau- 
rte et al., 1991), fenfluramine continues to be the most 
widely prescribed appetite suppressant in Europe. 

Male Sprague-Dawley rats (Harlan, Madison, WI, 
USA; n = 34) weighing 200-225 g were housed individ- 
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ually in a temperature-controlled room (22 ___ I°C) on a 
12 : 12 h l ight /dark  cycle (light from 6 a.m. to 6 p.m.), 
with free access to food (Purina rodent chow) and 
water. Animals received drugs (or vehicle) orogastri- 
cally by means of gavage twice daily (09.00 and 17.00 h) 
for 6 consecutive days. There  were four treatment 
groups: (1) fenfluramine 5 m g / k g  (n = 9); (2) fluoxe- 
tine 5 m g / k g  (n = 8); (3) fenfluramine 5 m g / k g  plus 
fluoxetine 5 m g / k g  (n = 9) or; (4) equal volumes of 
vehicle (water) (n = 8). Daily weights were obtained 
using an electronic scale with a 0.1 g accuracy, at 
baseline, during drug treatment and for 2 weeks follow- 
ing drug treatment.  The amount of food ingested was 
calculated daily. Two weeks following drug treatment,  
the effects of various treatments on regional brain 
content of serotonin and 5-hydroxyindoleacetic acid 
(5-HIAA) were determined as previously described 
(Ricaurte et al., 1992). Food intake and body weight 
data were analyzed by two-way analysis of variance 
(ANOVA) for repeated measures, with treatment as 
the between-subjects factor and time as the within-sub- 
jects factor. When appropriate, group means at individ- 
ual time points were compared by a one-way ANOVA, 
and post-hoc comparisons were performed by the Bon- 
ferroni test. Regional brain serotonin data were ana- 
lyzed by one-way ANOVA, also with post-hoc Bonfer- 
roni tests. 
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Fig. 1. Effects of  fenfluramine and fluoxetine, administered alone or 
in combination, on rat (A) food intake, (B) body weight and (C) 
regional brain serotonin. Food intake and body weight were mea- 
sured throughout  the study; regional brain serotonin levels were 
determined 2 weeks after termination of drug treatment .  Drugs were 
administered orogastrically by means  of gavage twice daily (09.00 and 
17.00 h) for 6 consecutive days, as indicated by the bar overlying the 
abscissa. Each drug was administered at a dose of 5 m g / k g .  Control 
animals received equivalent volumes of the vehicle (water), also by 
gavage. Results  are the means___ S.E.M. (n = 8 or 9 per group). For 
food intake, A N O V A  revealed a significant group by time interac- 
tion, with pos(-hoc tests revealing significant effects of  t rea tment  
with fenfluramine ( - )  on t reatment  days 1 and 2, and significant 
effects of t rea tment  with fenfluramine plus fluoxetine ( • )  on treat- 
ment  days 1, 2 and 3. For body weight, A N O V A  also revealed a 
significant group by time interaction, with post-hoc tests revealing 
significant effects of t reatment  with fenfluramine ( • )  on t reatment  
days 2-5,  and significant effects of t rea tment  with fenfluramine plus 
fluoxetine ( • )  on t reatment  days 2-9.  For regional brain serotonin, 
A N O V A  revealed a significant main effect of  t reatment  with post-hoc 
tests showing significant effects of fenfluramine ( • ) ,  but  no signifi- 
cant effects of  t reatment  with fenfluramine plus fluoxetine, or fluoxe- 
tine alone. *P < 0.05 compared to control. 

At baseline, the four treatment groups did not differ 
with regard to food intake (Fig. 1A) or body weight 
(Fig. 1B). Treatment  with fenfluramine alone led to a 
sharp decline in food intake and weight on treatment 
days 1 and 2, respectively, with smaller, though persis- 
tent decreases observed on subsequent treatment days. 
The anorectic and weight-reducing effects of the fen- 
f luramine/f luoxetine combination were equal to or 
greater than those of fenfluramine alone on all treat- 
ment days. Following drug discontinuation, rats in all 
three drug groups had a rebound increase in food 
intake above that observed at baseline, with concomi- 
tant increase in body weight. Increases in food intake 
after drug discontinuation lasted 2-5 days, dependent 
on treatment group. Two weeks after drug discontinua- 
tion, food intake and weight of animals among the four 
treatment groups did not differ significantly (Fig. 1A 
and B). 

Two weeks after termination of the treatment pe- 
riod, rats treated with fenfluramine alone had signifi- 
cant decreases in regional brain serotonin (Fig. 1C), 
with parallel decreases in regional brain 5-HIAA (not 
shown). By contrast, identical measures performed in 
animals treated with fenfluramine plus fluoxetine were 
not different than those in animals treated with the 
vehicle or fluoxetine alone (Fig. 1C). 

The present results strongly suggest that, at least in 
rats, fenfluramine's anorectic and neurotoxic effects 
are separable. Rats treated with the fenf luramine/  
fluoxetine mixture showed clear reductions in food 
intake (Fig. 1A) and body weight (Fig. 1B), yet had no 
alterations in brain measures indicative of serotonin 
neurotoxicity (Fig. 1C). Along with other recent find- 
ings (Raiteri et al., 1995), the present results also 
suggest that serotonin release may not be essential for 
fenfluramine's anorectic action, since fluoxetine is 
known to interfere with fenfluramine-induced sero- 
tonin release (Bonanno et al., 1994), yet does not block 
fenfluramine-induced hypophagia and weight loss (Fig. 
1). It remains to be established whether fenfluramine, 
at clinically prescribed dosages, produces toxic effects 
on serotonin neurons in the human brain. Nonetheless, 
the present findings indicate that adjunctive use of 
fluoxetine (and perhaps other serotonin reuptake in- 
hibitors) could be utilized to decrease the neurotoxic 
risks of fenfluramine in humans without adversely af- 
fecting (indeed, perhaps augmenting) fenfluramine's 
therapeutic appetite suppressant action. 
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