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CABANAC, M., C. FERBER AND M. FANTINO. Effects of dexfenfluramine on the feeding behavior of rats foraging in the cold 
for palatable bait. PHARMACOL BIOCHEM BEHAV 32(4) 1025-1031, 1989.--An alimentary/thermic conflict of motivation was 
used to explore the effects of very low doses of dexfenfluramine (dFF), an anorectic serotoninergic agonist, on the parameters of food 
motivation, drive and incentive (or palatability). Six rats trained to feed 2 hr/day, were given the possibility to feed on chow in a shelter 
(25°C), and to get a snack of shortcake, a highly palatable bait, from a feeder placed 16 m away in a very cold environment ( - 15°C). 
dFF at 0.6 or 1.25 mg/kg decreased neither the chow intake in the shelter, nor the mean duration of the snacks in the cold, which is 
the parameter believed to be the best indicator of incentive. In contrast, dFF reduced the number of trips to the bait in the cold as well 
as the total mass of palatable bait ingested and the mean amount ingested by snack. Such an effect was no longer observed after a food 
restriction had reduced the body weight of the rats to 90% of its initial value. It is concluded that, even at doses too small to reduce 
the consumption of basic food, dFF decreases the drive to get palatable food. 

Dexfenfluramine Conflict Food motivation Drive Incentive Cold Palatability Set-point 
Body weight 

PROGRESS in obesity therapy requires development of new drugs 
with leptogenic activity (31). Fenfluramine and especially its 
racemic component dexfenfluramine (dFF) are such medications 
which reduce body weight by acting on both sides of the energy 
balance: increase of energy expenditure (12, 35, 39) and decrease 
of energy intake (4,15). It has been established that the anorexi- 
genic effect of dFF expresses a reduction of the motivation to get 
and to ingest food (42). According to Hull (22) the motivation to 
eat results from the interaction of two variables: the drive which is 
correlated to the internal energetic needs, and the incentive which 
is related to the sensory rewarding properties of food, i.e., to the 
palatability. This raises the question as to whether dFF reduces the 
motivation to eat by decreasing the drive or the incentive. There are 
experimental arguments for both hypotheses. 

It is obvious that dFF would reduce the drive to search for and 
ingest food if it reduces energy needs as a consequence of a 
hypothetical decrease of the body weight set-point it induces. Such 
an effect has been suggested by Stunkard from clinical observa- 
tions (36,37), then demonstrated in animals from experimental 
measurements of the rat's food hoarding behavior (16,17). The 
alternative hypothesis, that dFF reduces the incentive associated to 

food, may be put forward from the observation that dFF selec- 
tively decreases the intake of carbohydrates and sweet food (6, 10, 
21, 48). However, this second hypothesis requires further evi- 
dence from studies in animals as well as in humans. 

The present work was undertaken to explore further the action 
of dFF on food intake, and especially the hypothesis that dFF 
decreases the pleasantness of palatable foods. To judge it, we used 
the obstruction principle of Warden (44) improved for this very 
purpose (8,24). The method is based on a conflict of motivation 
between food and temperature. It consists of giving rats a shelter 
with food and water ad lib in a very cold environment. The 
palatable bait tested is placed in the cold environment 16 m away. 
Thus, the pleasantness of the bait is pitted against the aversiveness 
of the cold environment. One advantage of this method is that it 
allows an estimation of the animal's perception of food palatability 
independent from the amount of bait eaten. In addition, it is 
possible to estimate the drive to feed from the number of trips in 
the cold and from the amount eaten. Finally, in such a situation, 
rats eat once a day, which is convenient with short-lived drugs. An 
injection, prior to the beginning of the session, places the animal 
under the influence of the drug for the whole session. Low doses 
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of dFF were used in order to minimize any possible side effects. 

METHOD 

Animals and Rearing Conditions 

Six male rats were housed individually and trained to feed two 
hours per day (12:00 to 14:00 hr) in the animal quarters for several 
weeks including weekends. At feeding time, they received regular 
laboratory chow ad lib. Water was present in their cages at all 
times. Food intake and body mass (b.wt.) were weighed five days 
per week. Ambient temperature in the animal quarters was 21°C 
(range: 19-23°C). The experiments started when the rats were 
thoroughly trained to the experimental apparatus. 

The time and duration of the experimental sessions were the 
same as those of the usual meals in the animals '  quarters. 

Experimental Apparatus 

A complete description of the apparatus will be found else- 
where (25). Once a week, each rat was transported between 12:00 
and 14:00 hr in the experimental apparatus mainly composed of 
zigzag alley 16 m long. At one of the extremities of the alley, each 
rat in turn found its own warm shelter with water and laboratory 
chow. At the other extremity, a feeder contained palatable 
shortcake, in powder form to prevent hoarding. The alley and the 
feeder were in a climatic chamber at - 15°C whereas the shelter 
was heated with an infrared bulb to + 25°C. 

Thus, the rats could feed on laboratory chow in the shelter and 
venture into the cold environment to obtain palatable food ( =  
snack). In control sessions, the feeder in the cold contained 
powdered chow. Electric contacts permitted the recording of every 
passage of the rat through its shelter/door, and the rat 's presence at 
the feeder in the cold. 

Measurements 

The food ingested in the warm shelter and from the cold feeder 
was measured by weighing. The number of trips to the feeder and 
the total time spent at the feeder were directly recorded from the 
electric contacts placed at each extremity of the alley. Mean snack 
duration and caloric intake were computed from the measured 
values. When several snacks occurred in a session, all the data 
were computed as a mean for each rat during that session. Then the 
results were computed as group means. All the recorded variables 
being parametric, Student 's t-test (paired when applicable) and 
Duncan multiple range test, analysis of variance, were used to 
compare the group means. The Duncan analysis of variance was 
conducted at the probability level of p < 0 . 0 5  and the results are 
plotted on Figs. 1 to 5. 

Drug and Controls 

One hour prior to the beginning of experimental sessions, the 
rat received an intraperitoneal (IP) injection of either dFF 0.6 
mg/kg, or dFF 1.25 mg/kg, or the vehicle (isotonic saline). 
According to the pharmacokinetics of dFF and nordexfenflu- 
ramine, its main active metabolic derivative (9, 20, 33), a delay of 
one hour was judged acceptable to run the sessions during the peak 
activity of the drug. The rats were exposed to six conditions by 
combining two baits found in the cold, and three IP injections. 
Each rat was, therefore, its own control. The six conditions were 
permuted in individual rats so as to suppress, in the group, any 
possible effect of the sequence. 

EXPERIMENT 1 

The aim of this experiment was to check whether the dFF 

TABLE 1 

MASSES OF FOOD INGESTED BY THE RATS 

(A) Chow Ingested At Home (g) 
Dexfenfluramine (mg/kg) 

Saline 0.6 1.25 

With chow bait 18.4 _ 1.6" 14.9 _+ 1.9 13.5 _+ 3.0 
at feeder 

with Shortcake 15.1 + 1.8 11.5 _+ 1.8t 11.2 -+ 1.5~ 
bait at feeder 

(B) Bait Ingested at Feeder (g) 
Dexfenfluramine (mg/kg) 

Saline 0.6 1.25 

With chow bait 1.6 -+ 0.4 0.7 + 0.3 0.03 + 0.03 
at feeder 

with Shortcake 18.6 ~ 1.55 12.5 + 2.02 4.8 ± 3.1 
bait at feeder 

Mean mass (g) of chow ingested in the shelter (A), and mean mass (g) 
of bait ingested from the feeder in the cold enviornment (B), during the 
2-hr experimental sessions according to the nature of the injection and the 
nature of the bait in the cold. All figures are statistically identical but for 
* which is different from boxes +, and for :I: which are different from each 
other and from all other boxes (Duncan multiple range test, analysis of 
variance: p<0.05). 

would decrease the rewarding properties of shortcake, a bait found 
quite attractive in other experiments (8, 24, 25). The palatability 
of the shortcake was judged from the mean duration of time 
tolerated by the rats eating the bait in the cold. The rats received 
no treatment other than IP injections of saline or dFF as described 
above in the Method section. 

RESULTS 

Chow Ingested in the Shelter 

Comparing the amount of energy ingested under identical 
pharmacological conditions, after either saline or dFF, it can be 
noted in Table 1 (part A) and Fig. l that, when shortcake was 
available in the cold instead of chow, the decrease of chow 
consumption in the shelter was slight (nonsignificant) and insuf- 
ficient to compensate for the large amount of palatable bait 
ingested at the cold feeder. It can also be noted that, when chow 
was available at the feeder, the amount of chow eaten by the rats 
in the shelter was approximately the same after tiFF as after saline 
(slight but nonsignificant decrease). Finally, the difference in 
chow ingested in the shelter reached the level of statistical 
significance only when shortcake was combined with dl~T. 

Behavior During Control Sessions 

After saline injections the rats snacked the same number of 
times, regardless of the bait in the feeder, in the cold environment 
(Fig. 2). In contrast, the mean duration of snacks in the cold (Fig. 
3), and the total snacks duration (Fig. 4) were significantly longer 
with shortcake (paired t-tests: p < 0 . 0 5  and p<0 .01 ) .  The longer 
stays in the cold environment resulted in a shortcake ingestion 
significantly greater than chow ingestion (Table 1, Figs. 1 and 5). 

Effect of  dFF 

The higher dose of dFF (1.25 mg/kg) significantly reduced the 
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Normal  Body We igh t  Reduced  Body Weight  N o r m a l  B o d y  W e i g h t  R e d u c e d  B o d y  W e i g h t  
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FIG. 1. Mean (___ S.E.M.) amount of energy eaten in the shelter (dotted 
columns) and at the cold feeder after the rats had received either saline I 
ml/kg (open columns), or dFF 0.65 mg/kg (hatched columns), or dFF 1.25 
mg/kg (black columns). The type of bait in the cold indicated below the 
columns. Left: rats at normal body weight (fed 2 hr/day). Right: rats with 
body weight reduced to 90% of normal body weight. In each group, means 
not underlined by a same line (X--X) are significantly different (Duncan 
multiple range test, analysis of variance p<0.05) .  

FIG. 3. Mean ( _.+ S.E.M. ) duration of rat snacks at the cold feeder after the 
rats had received saline 1 ml/kg (open columns), or dFF 0.65 mg/kg 
(hatched columns), or dFF 1.25 mg/kg (black columns). The type of bait 
in the cold is indicated below the columns. Left: rats at normal body weight 
(fed 2 hr/day). Right: rats with body weight reduced to 90% of normal body 
weight. In each group, means not underlined by a same line (X--X) are 
significantly different (Duncan multiple range test, analysis of variance, 
p<0.05).  

number of trips to the bait (Fig. 2) and this number was then not 
significantly different when the bait was palatable (shortcake) or 
not (chow). Several rats did not leave the shelter at all during these 
sessions. The lower dose had no effect on this parameter. 

Although the meals were less frequent after dFF 1.25 mg/kg, 

6 N o r m a l  B o d y  W e i g h t  R e d u c e d  B o d y  W e i g h t  

te 5 

~4 
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0 
cho' 

£ 

s h o r t c a k e  chow s h o r t c a k e  

FIG. 2. Mean ( --_ S.E.M.) number of snacks made by the rats at the cold 
feeder after the rats had received saline 1 ml/kg (open columns), or dFF 
0.65 mg/kg (hatched columns), or dFF 1.25 mg/kg (black columns). The 
type of bait is indicated below the columns. Left: rats at normal body 
weight (fed 2 hr/day); Column & different from all other but $; Column $ 
not different from all other but £ and &. Right: rats with body weight 
reduced to 90% of normal body weight. Alt columns are not significantly 
different. 

once the rats had reached the cold feeder, they spent a similar 
amount of time eating shortcake. Indeed, the mean duration of 
shortcake-snacks (Fig. 3) was apparently not influenced by dFF 
even after the 1.25 mg/kg dose. However, Fig. 5 shows that the 
rats ingested a lower mass of bait per snack after they had received 
dFF and the difference was significant when the bait was short- 
cake. With shortcake as bait, and after dFF 1.25 mg/kg or 0.6 
mg/kg, both the decreased number of snacks (Fig. 2) and the 
decrease of the mean mass of the bait ingested per snack (Fig. 5) 
resulted in a decrease of the total energy intake in the cold 
environment (Fig. 1). This effect already noticeable with dFF 0.6 
mg/kg reached the threshold of statistical significance for the three 
parameters under dFF 1.25 mg/kg. Finally, the reduced number of  
snacks after dFF 1.25 mg/kg resulted in a decrease of the total 
snack duration (Fig. 4). 

DISCUSSION 

It has been demonstrated that the two-hour feeding schedule 
produces intense thermogenesis in the rats at the time of the meal 
(38). In addition, racemic fenfluramine has been shown to raise 
postingestive thermogenesis (29). In our experiment, both effects 
should therefore enhance the rats' foraging behavior in the cold. 
Actually, the rats remained in their shelter when they were 
under dFF. 

dFF had very little effect on the consumption of chow in the 
shelter, regardless of the dose. The drugs' absent influence 
resulted from the low doses used in this experiment in order to 
limit the anorexigenic effects in the 2/hr day feeding-protocol used 
(20, 27, 33). In contrast, the effect of dFF was obvious on the 
consumption of the food, whether or not palatable, from the feeder 
in the cold environment, dFF reduced the number of trips to the 
cold, that we consider as reflecting the eagerness to get and ingest 
the food (8,25). A possible explanation could be that the drug 
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FIG. 4. Mean ( ± S.E.M.) total snack duration at the cold feeder after the 
rats had received saline 1 ml/kg (open columns), or dFF 0.65 mg/kg 
(hatched columns),or dFF 1.25 mg/kg (black columns). The type of bait in 
the cold is indicated below the columns. Left: rats at normal body weight 
(fed 2 hr/day). Right: rats with reduced body weight to 90% of normal 
body weight. In each group, means not underlined by a same line (X--X) 
are significantly different (Duncan multiple range test, analysis of vari- 
ance, p<0.05). 

rendered the bait less palatable but the maintained duration of 
snacks would not support this hypothesis. Another possible 
explanation could be found in drowsiness or decrease of motor 
capacity. The very low doses used run contrary to this hypothesis 
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FIG. 5. Mean (±  S.E.M.) mass of bait eaten per snack at the cold feeder 
after the rats had received saline 1 ml/kg (open columns), or dFF 0.65 
mg/kg (hatched columns), or dFF 1.25 mg/kg (black columns). The type 
of bait in the cold is indicated below the columns. Left: rats at normal body 
weight (fed 2 hr/day). Right: rats with reduced body weight to 90% of 
normal body weight. In each group, means not underlined by a same line 
(X--X) are significantly different (Duncan multiple range test, analysis of 
variance, p<0.05). 
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FIG. 6. Mean (--. S.E.M.) body weight of the rats during the course of 
Experiment II. Day zero was the last of Experiment I. 

which cannot be totally discarded at this point, though. Finally, it 
can be hypothesized that dFF had decreased the rats' drive to 
forage for food, an effect that was perhaps minimized by the 
thermogenic effect of the drug. As a result of the lower number of 
snacks the total amount of palatable bait ingested in the cold was 
significantly decreased after 0.6 mg/kg and further after 1.25 
mg/kg. At this dose dFF restored total amount of shortcake 
ingested, total snack duration, as well as a mean mass of bait 
ingested by snack to values similar to those observed when the 
chow bait was available. The results can be summarized by stating 
that the drug rendered shortcake, no more attractive than chow. 
Since the amount of chow eaten in the shelter was not clearly 
decreased, very low doses of dFF spared the consumption of basic 
food. Such interpretation would conform to Wurtman et al. 's  
hypothesis in which low doses of dFF selectively suppress craving 
for palatable foods (47,48), but spare protein consumption (21,46). 

If the mean duration of snacks in the cold provides a measure 
of the palatability of food at the feeder (since the rat leaves the 
feeder when the aversiveness of the cold environment has become 
stronger than the pleasantness of the bait), then the results indicate 
that the dFF did not reduce the palatability of shortcake in rats with 
normal body weight, (since the mean snack duration was not 
influenced by dFF). It is therefore likely that, once such food was 
made available, dFF at low doses did not modify the incentive of 
the palatable food. 

EXPERIMENT II 

Experiment I demonstrated that low doses of tiFF did not 
render the rats anorexigenic but reduced the number of their 
foraging trips to food without reducing the palatability of the bait. 
Experiment II was undertaken to check whether this effect was 
body weight dependent. (This experimentation was suggested by 
Dr. S. Nicolaidis who predicted the results accurately.) The six 
rats of the initial group were placed on a limited food intake 
schedule until their body weight was reduced to about 90% of the 
value observed during the previous weeks. Such a decrease in 
body weight was expected to be larger than any hypothetical 
lowering of body weight set-point due to the small doses of dFF in 
this experiment. The hypothesis was that, if the effect of dFF 
consists in lowering of the set-point b.wt. as previously proposed 
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(16, 17, 36, 37), all effects of dFF would disappear in deprived 
rats. Experiment II was therefore the exact replication of Experi- 
ment I except for the reduced body weight. The rats' body weight 
was maintained stable, over the six weeks of Experiment II, by 
weighing the rats every day and providing them with a monitored 
amount of chow on days when they were not under experiment. 
The mean body weight is shown in Fig. 6. 

RESULTS AND DISCUSSION 

The total amount of food ingested by the rats was slightly lower 
during the control session of Experiment II than during control 
session of Experiment I (Fig. 1). Figures 1,2, 3, 4 and 5 show that 
dFF had lost its effect in these food-deprived animals. The only 
noticeable difference between treated and control rats was in mean 
meal duration (Fig. 3) which, although high, was lower in treated 
rats than in the nontreated, resulting in a lower mass of shortcake 
ingested per snack (Fig. 5). The difference was significant only 
after dFF 1.25 mg/kg. The reduction, by dFF, of the drive to 
forage in the cold observed in Experiment I, disappeared in the rats 
after body weight reduction. Such a result rules out any influence 
of the drug on the rats motricity or level of vigilance but is 
compatible with the hypothesis of a reduction of body weight 
set-point by the drug, as suggested by Levitsky et al. (30) from 
animal experiments, or Stunkard et al. (36,37) from clinical 
observations in humans, an hypothesis which was confirmed by 
Fantino et al. (16,17) from the observation of the rat's food- 
hoarding response. Thus, the drug did not lose its activity but the 
action was simply masked by the large decrease in body weight 
created in the rats by the experimenters. 

The small but significant reduction in mean shortcake meal 
duration in the cold environment would indicate that the drug 
reduced the palatability of shortcake in rats whose body weight 
was maintained at 90% of its normal level. This result is difficult 
to reconcile with the maintained palatability in Experiment I. 
However, it should be pointed out that even if (marginally) 
statistically significant, the decrease was relatively small and other 
results may have been obtained with larger groups of rats. Indeed 
the palatability of shortcake remained high when compared with 
that of chow. 

GENERAL DISCUSSION 

CRITERIA OF MOTIVATION 

Preference for a food or flavor is usually judged from the 
amount eaten (42,45). However, it is recognized that in humans 
(2) and even more so in animals (11), this is an imperfect index of 
the real drive to feed. Such a technique has been shown to be 
particularly unsuitable to evaluate the palatability of the food (3). 
Preference tests are often used but they only allow a ranking of 
foods according to their palatability. An alternative or a comple- 
mentary method, to judge motivation to eat, is the measurement of 
the animals' performances in a food rewarding runway (26, 40, 
42). Using such a method, Kirkham and Blundell (26) have shown 
that dFF (1.5 mg/kg) hastens the onset of satiation. It is worth 
noting that the present results are in accordance with this finding. 
However, the motivational conflict used in this work has the 
advantage of allowing evaluation of incentive, in addition to drive 
to feed. Mean meal duration should reflect palatability, since meal 
duration reflects the time when the constant environmental tem- 
perature was judged by the rat to be more aversive than the 
attraction for the bait, and the bait attractiveness depends on its 
palatability (8,25). The robustness of this method was confirmed 
in control sessions by the long duration of meals in the cold with 

a palatable bait. However, this technique has the disadvantage of 
a possible interference with thermogenic effects of the drug tested 
rendering the rats more tolerant of the cold environment. Indeed, 
dFF increases the thermogenesis induced by food (29) and by 
exercise (12). So it is possible that a minor reduction of the 
shortcake palatability by dFF in the ad lib fed rats (Experiment I) 
has been masked, to some degree, by the drug-induced thermo- 
genesis. Since body weight loss reduces thermogenesis (1,23) it is 
also possible that the food-related thermogenesis was suppressed 
in the food-restricted rats (Experiment II) uncovering the small 
(but significant) reduction of palatability observed with dFF in 
Experiment II. 

SET-POINT, PALATABILITY AND dFF 

In rats with low body weight, the disappearance of the drug's 
effects is in accordance with the hypothesis that the main effect of 
dFF is to decrease the body weight set-point (7, 17, 29, 36, 37). 
According to this hypothesis, the drug made the subjects regulate 
their body weight (or fat mass) at a lower level,thus reducing their 
energy needs. Such an effect can be inferred from the observation 
that any possible drug effect on the rats disappeared after they had 
been food-deprived and had lost weight (Experiment II). The 
alternative to this hypothesis would be that the drug failed to affect 
intake when body weight was reduced by 10% simply because the 
animals were so hungry that the drug effect was overridden or the 
test situation insensitive. However, this alternative is ruled out by 
the fact that the action of the drug was visible only on palatable 
diet. If the rats had been ravenously hungry when deprived they 
would have shown it by increasing their intake of chow above the 
amount eaten in Experiment I; this was not the case. 

The absence, or only minor, effect of dFF on the incentive 
parameter of food motivation may explain an otherwise uninter- 
pretable observation by Blundell and Hill (5): dFF did not induce 
any change in the affective response for sweet gustatory stimuli in 
obese subjects. The absence of dFF effect on the sensorial 
rewarding properties of food is in contrast with the strong activity 
on this parameter of other anorexic drugs, such as the opioid 
receptor antagonists, naloxone or naltrexone (18,19). Thus, dif- 
ferent drugs may have anorexic activities which involve different 
mechanisms. 

EFFICACIOUS DOSE OF dFF 

The most striking point of the present study is that small doses 
of dFF, insufficient to induce significant anorexia toward basic 
food, reduced the drive to forage outside even when the bait was 
palatable. These results corroborate previous observations by 
Hirsh et al. (21) who found that, in juvenile rats maintained on a 
8-hour/day feeding schedule 4 mg/kg of dFF were required to 
reduce the consumption of basic diet by 50%, whereas at a lower 
dose of 1.25 mg/kg, only the intake of a carbohydrate rich diet was 
reduced (by about 40%). It is unlikely that, in the present work, 
the reduction of the number of trips to the feeder in the cold came 
from an unspecific decrease of locomotor activity by dFF since the 
drug did not change this parameter in the deprived rats (Experi- 
ment II). Thus, dFF seems to be more active on parameters which 
reflect the motivation to eat, rather than on food consumption itself 
as previously underlined by Rolland (32). 

In a recent review Rowland and Carlton (34) have pointed out 
that the dose of dFF capable of suppressing 50% of the food 
intake, or specific behaviors related to food motivation (D1 50) 
ranges between 0.6 and 1.25 mg/kg according to experimental 
protocol used. For example, doses as low as O. 63 mg/kg decreased 
both starting and running speed in a food-rewarded runway (40). 
With the thermic/alimentary conflict of motivation used here, the 
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efficacious dose was quite close to such a value since the effect  o f  
dFF was noticeable with the 0.65 mg/kg dose,  and was significant 
at 1.25 mg/kg.  It is worth noting that other  behaviors are even 
more sensitive to dFF. For example,  Fantino et al. (13) have 
observed that 0.3 mg/kg of  dFF suppressed 85% o f  food hoarding 
by rats, two hours after IP injection, and that eight hours later the 
inhibition was still important  (40%). Leibowitz  et al. (28) reported 
that peripheral injection of  0 .06-0 .25  mg/kg,  at the start o f  the 
dark cycle,  preferentially suppressed carbohydrate intake, whereas 
higher doses (0 .5 -2 .0  mg/kg) reduced protein and fat intake as 

well as carbohydrate.  Finally, it appears that in rats, dFF may act 
on the control o f  food intake at doses ranging from ten to twenty 
times lower than doses previously proposed to induce body weight 
loss (15, 17, 30). 
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