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CARLTON, J. AND N. ROWLAND. Effects of initial body weight on anorexia and tolerance to fenfluramine in rats. 
PHARMACOL BIOCHEM BEHAV 23(4) 551-554. 1985.--The initial anorexia and development of tolerance to dl- 
fenfluramine was examined in rats with graded pretreatment body weight losses. Fenfluramine strongly attenuated food 
intake on the first test day in all weight groups and the magnitude of the initial anorexia did not differ between groups. 
The time course of anorectic tolerance was also similar in each of the groups. The results do not support a strict "set 
point" hypothesis according to which the tolerance to fenfluramine anorexia is an artifact of decreasing body weight 
and/or concurrently increasing relative food deprivation. 

dl-Fenfluramine Anorexia Tolerance Body weight "Set point" 

PREVIOUS studies have shown that chronic administration 
of fenfluramine results in the development of tolerance to 
its anorectic effect [12]. The anorectic action of fenfluramine 
may be distinguished from other behavioral effects to which 
tolerance does not develop, such as its discriminative stimulus 
properties [ 16]. This dichotomy suggests that anorectic tol- 
erance is " fun t iona l"  rather than "disposi t ional"  [ 14]. The 
functional interpretation is further supported by direct mea- 
surements of brain concentrations of fenfluramine and its 
metabolite norfenfluramine which are the same after acute 
or chronic peripheral administrat ion to rats [9]. 

There are several potential concerns in the interpretation 
of anorectic tolerance studies in experimental animals [5]. 
Of relevance to the present study are: (1) tolerance may be 
contingent on the learned temporal relationship between 
drug administration and food presentation [4] and (2) changes 
in the motivation to eat may be brought about by changes 
in nutri t ional status resulting from decreased food intake 
and/or weight loss. The first concern may be discounted 
because we have found that rats develop full tolerance to 
fenfluramine anorexia when they receive repeated injections 
after their daily meal, showing that this tolerance is not 
contingent on order of meal-drug presentation [ 13]. 

Evidence against the second (nutritional) concern is 
equivocal.  Rats show tolerance to fenfluramine anorexia in 
paradigms which involve neither deprivation nor weight 
loss such as tail pinch-induced eating [ 1] and dessert tests 
[3,12]. However, evidence from a study using rats in a 
restricted feeding paradigm and treated with a high dose of 
fenfluramine (20 mg/kg IG) suggested that the tolerance 
may be an artifact of weight loss [8]. This has been stated 

more formally by Stunkard [15] as a lowering of body weight 
"set  po in t"  by fenfluramine. 

Powley and Keesey [10] provided a paradigm with which 
to study changes in ingestive behavior relative to an apparent 
body weight set point. Rats with circumscribed lateral hy- 
pothalamic lesions are totally aphagic for several days, lose 
weight, then recover feeding and maintain a lowered body 
weight. However, if the rats are food deprived and lose 
body weight prior to the lesion, they do not show the initial 
period of total aphagia and lose no further weight. 

In the present experiment,  we have used a similar par- 
adigm to test the hypothesis that fenfluramine lowers body 
weight set "set  point ."  We have examined the anorexia to 
fenfluramine in rats with graded weight loss prior to initial 
fenfluramine treatment and describe the development of 
tolerance and weight gain during subsequent free feeding 
with continued drug administration. 

M E T H O D  

Subjects 

Female Sprague-Dawley rats (N = 48) initially weighing 
185 to 300 g (mean---SD = 246---21) were housed individ- 
ually and maintained in a climate controlled vivarium (23°C; 
12/12 light/dark cycle). The rats were weighed every 2 days 
throughout the experiment.  Water was freely available at 
all times. 

Pretreatment Feeding Schedules 

Rats were first adapted to a diet of powdered chow (Purina 
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TABLE 1 

B O D Y  W E I G H T  A N D  F O O D  I N T A K E  OF S A L I N E  OR F E N F L U R A M I N E  ( F E N ) - T R E A T E D  RATS ON T H E  FIRST DAY OF I N J E C T I O N  

Body Weight Food Intake (g) 

Food 
Schedule Preschedule % Starting % Ad Lib Anorectic 
Group Weight Weight Weight Saline FEN Efficacy* 

24hr 246 _+ 8t 110 _+ 2t (100) 25.6 _ 1.6t 7.0 _+ 2.2 27% 
8hr 247 _+ 9 96 - 1 (87) 22.8 _+ 2.7 5.6 _+ 2.7 25% 
4hr 247 ___ 5 87 _+ 1 (79) 16.4 _+ 1.9 5.6 _+ 1.3 34% 
2hr 246 + 6 82 _+ I (75) 15.3 _+ 0.5 7.3 _+ 1.7 48% 

* Intake of FEN group/intake of saline group. 
t Mean _+ SE. 

No. 5001) offered ad lib in glass jars. They were then divided 
into four groups matched for body weight and placed on 
one of four feeding schedules: (1) 2 hr/day (n = 18); (2) 4 
hr/day ( n =  10); (3) 8 hr/day ( n =  10); (4) ad lib ( n =  10). 
During this phase of the experiment,  food access was such 
that the feeding period for each group (except the 24 hr 
group) ended at 6 p.m. At this time, food cups were removed 
and weighed and food was returned to the 24 hr group. 
Saline injections (0.9% NaCI, 1 ml/kg, IP) were also given 
at this time. After 7 days on these schedules, baseline food 
intake was determined for each animal over a period of 5 
days to verify that the day-to-day intakes were stable. These 
schedules were designed to produce graded levels of body 
weight maintenance relative to ad l ibitum controls. 

Fenfluramine Treatment 

Fenfluramine treatment was begun after rats had been 
on the feeding schedules for 12 days. Schedule groups were 
further divided into drug treatment and vehicle control groups 
matched for baseline intake. In the 2 hr/day food access 
group, 6 rats received intraperitoneal injections of 5 rag/ 
kg dl-fenfluramine hydrochloride (A. H. Robins Co.) and 
12 rats received saline injections.  Six of the rats in this 
saline-treated group were subsequently allowed to feed ad 
lib while the other 6 were pair-fed to the fenfluramine- 
treated rats. In each of the other schedule groups, 5 rats 
received daily fenfluramine and 5 received saline. All rats 
in these groups were later allowed to feed ad lib. 

On the third day after the initial treatment all rats except 
the pair-fed group were returned to ad libitum food. Food 
cups were weighed and refilled daily between 5:30 and 6:30 
p .m. ,  approximately 2 hours before lights were turned off 
in the colony. Rats in the pair-fed group received a measured 
amount of food equal to the amount eaten on the previous 
day by the fenfluramine-treated rats to which they were 
paired. Rats were weighed at this time every other day. 
Fenfluramine or saline injections were given daily when 
these maintenance procedures were completed. Treatment 
was continued for 18 days. 

Statistics 

Food intake and body weights were compared among 
groups by ANOVA and TUKEY post-hoc tests. Comparisons 
were made at various times over the course of the experiment. 

RESULTS 

The different feeding schedules had the intended effects 
upon maintenance body weights. The lowest level was as- 
sociated with the 2 hr schedule, F (3 ,45)=  121.8, p<0 .001  
and all between group comparisons were significant (see 
Table 1 and Fig. 1). The food intakes following saline on 
the first test day (Table 1 and Fig. 2) were no different from 
those during the baseline period, and were related to the 
duration of food access. Fenfluramine strongly attenuated 
food intake on the first test day in all groups (Table 1 and 
Fig. 2). Neither the intake as percentage of the corresponding 
saline group, F(3,16) = 1.31, p<0 .61 ,  nor the absolute intake 
in grams, F(3,16) = .91, p<0 .45 ,  were significantly different 
between schedule groups (Table 1). Therefore, the null hy- 
pothesis that the effect of fenfluramine is the same in all 
groups cannot be rejected. 

Fenfluramine continued to suppress intake significantly 
in all groups on days 2 and 3. During this ad lib refeeding, 
all previously restricted groups gained weight (Fig. 1 ). The 
data were analyzed for drug versus saline differences within 
a group. Rats which had been on the 2 hr feeding schedule 
had significant differences in body weight on the first 5 days 
of ad lib food (day 1: F ( 2 , 1 7 ) = 9 . 5 6 ,  p < 0 . 0 0 2 ;  day 3: 
F = 5 . 2 9 , p < 0 . 0 2 ;  day 5: F = 4 . 5 1 , p < 0 . 0 3 ) .  Both the fen- 
fluramine-treated group and the pair-fed group had body 
weights that were significantly lower than the saline group 
over this period (p<0.05) .  Fenfluramine-treated rats which 
had previously been on the 24 hr feeding schedule also had 
significantly lowered body weights over this period. By day 
7, body weights of rats in the different treatment groups 
were not significantly different. Weights of saline- versus 
drug-treated rats in the 4 and 8 hr schedule groups were 
not significantly different at "any time. 

DISCUSSION 

Fenfluramine produced a 50-75% decrease in food intake 
of drug naive animals. Drug efficacy was not significantly 
affected by body weight. This was not expected according 
to a "set  poin t"  hypothesis. Graded levels of prior body 
weight reduction would be expected to attenuate or abolish 
the initial anorexia to fenfluramine, and the animals should 
appear " to le ran t"  to the drug. The time course of anorectic 
tolerance was also similar in each of the 4 groups despite 
differences in initial body weight. 
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• Group mean body weights of the various groups during 
~eriments. The left part of each panel shows the weight 

changes during the indicated period of scheduled food access per 
24 hr. The groups were divided; half received fenfluramine (FEN, 
5 mg/kg) at the first vertical line (day 13) and remained on the 
schedule until day 15, then all rats were fed ad libitum except the 
pair fed group in the top panel (open squares). The injections were 
made daily throughout this period of refeeding. 
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FIG. 2. Mean food intakes of the various groups during the ex- 
periment. See legend to Fig. 1 for details. 

These results suggest that tolerance to fenfluramine an- 
orexia is not due to decreased body weight or concurrently 
increasing food deprivation. In a previous study, Levitsky 
et al. ( 1981) arrived at different conclusions [8]. Their pro- 
cedures were considerably different from ours and the dosage 
of fenfluramine was 20 mg/kg IG (compared to 5 mg/kg IP 
in the present experiment).  While we cannot be sure of the 
critical differences between the two experiments,  it should 
be noted that complete anorectic tolerance does not develop 
to high doses of fenfluramine [1] and it has been suggested 
that high doses may be neurotoxic [6]. The 5 mg/kg fen- 
fluramine used in the present study and the 50-75% anorexia 
appear to be more relevant to the clinical situation in which 

1-2  mg/kg/day is a typical dosage. Our results certainly 
suggest that there are limits to the generality of the set point 
hypothesis of weight regulation following fenfluramine, at 
least as studied in this paradigm. The lowered set point in 
lateral hypothalamic lesion rats [10] has also been questioned 
in its interpretation [ 11 ]. 

However, other data from our laboratory suggest that 
the lowered set point notion may be a better description of 
fenfluramine's effects in other paradigms. We have compiled 
data from ad lib (chow) feeding rats of varying strain, sex 
and age obtained over a period of several years. It is apparent 
that the ability of a daily dose of 5 mg/kg fenfluramine to 
produce net weight loss is dependent upon the initial body 
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we igh t  o f  the rat ( r =  .96).  Thus rats wi th  ini t ial  we igh ts  
above  300 g typ ica l ly  lose  we igh t  whi le  those  with  ini t ial  
we igh ts  be low 300 g wil l  ga in  weigh t .  Veh ic l e  in jec ted  
cont ro ls  did not  lose weigh t .  These  data  sugges t  that some 
modi f ied  f o r m  of  the set po in t  hypo thes i s  may  be true in 
heav i e r  rats.  This  may  also be the case  in obese  humans  

which  do not  deve lop  apparent  to le rance  to fenf luramine-  
induced  we igh t  loss as qu ick ly  as do lean expe r imen ta l  
an imals  (c . f .  [7]). Fenf lu ramine  has effects  on l ipid metab-  
ol ism in vitro ( reviewed in [2]), and these effects on adipose 
t issue may  accoun t  for some of  its d i f ferent ia l  ef fects  in 
obese  versus  lean subjects .  

R E F E R E N C E S  

1. Antelman, S., N. Rowland and D. Kocan. Anorectics: lack of 
cross-tolerance among serotonergic drugs and sensitization of 
amphetamine's effect. In: Anorectic Agents: Mechanistns of 
Action and Tolerance, edited by S. Garattini and R. Samanin. 
New York: Raven Press, 1981, pp. 45-62. 

2. Brindley, D. N., R. G. Sturton, P. H. Pritchard, J. Cooling 
and S. L. Burdett. The mode of action of fenfluramine and its 
derivatives and the effects on glycerolipid metabolism. Curr 
MedRes Opin 6: Suppl 1, 91-99, 1979. 

3. Carlton, J. and N. Rowland. Anorexia and brain serotonin: 
Development of tolerance to the effects of fenfluramine and 
quipazine in rats with serotonin depleting lesions. Pharmacol 
Biochem Behav 20: 739-745, 1984. 

4. Carlton, P. and D. Wolgin. Contingent tolerance to the anor- 
exigenic effects of amphetamine. Physiol Behav 7: 221-223, 
1971. 

5. Cawthorne, M. Is tolerance to anorectic drugs a real phenom- 
enon or an experimental artefact. In: Anorectic Agents: Mech- 
anisms of Action and Tolerance, edited by S. Garattini and R. 
Samanin. New York: Raven Press, 1981, pp. 1-17. 

6. Fuller, R. Pharmacology of central serotonin neurons. Annu 
Rev Pharmacol Toxicol 20: I 11-127, 1980. 

7. Innes, J. A., M. J. Watson, M. J. Ford, M. E. Stoddart and 
D. B. Campbell. Plasma fenfluramine levels, weight loss and 
side effects. B r M e d J  2: 1322-1325, 1977. 

8. Levitsky, D., B. Strupp and J. Lupoli. Tolerance to anorectic 
drugs: Pharmacological or artifactual. Pharmacol Biochem 
Behav 14: 661-667, 1981. 

9. Mennini, T., A. DeBlasi, E. Borroni, C. Bendotti, F. Borsini, 
R. Samanin and S. Garattini. Biochemical and functional studies 
on tolerance to anorectic activity of d-fenfluramine in com- 
parison with d-amphetamine. In: Anorectic Agents: Mechanisms 
of Action and Tolerance, edited by S. Garattini and R. Samanin. 
New York: Raven Press, 1981, pp. 87-100. 

10. Powley, T. and R. Keesey. Relationship of body weight to the 
lateral hypothalamic feeding syndrome. J Comp Physiol Psychol 
70: 25-36, 1970. 

11. Rowland, N. Bodyweight following lateral hypothalamic lesions 
set point upset by glucose infusions. Physiol Behav 19" 349- 
353, 1977. 

12. Rowland, N., S. Antelman and D. Kocan. Differences among 
"serotonergic" anorectics in a cross-tolerance paradigm: do 
they all act on serotonergic systems. Eur J Pharmaco181: 57- 
66, 1982. 

13. Rowland, N. and J. Carlton. Different behavioral mechanisms 
underlie tolerance to the anorectic effects of fenfluramine and 
quipazine. Psychopharmacology (Berlin) 81:155-157, 1983. 

14. Schuster, C. and C. Johanson. Environmental variables affecting 
tolerance development to anorectic drugs. In: Anorectic Agents: 
Mechanisms of Anorexia and Tolerance, edited by S. Garattini 
and R. Samanin. New York: Raven Press, 1981, pp. 63-77. 

15. Stunkard, A. Anorectic agents lower a body weight set point. 
Life Sci 30: 2043-2055, 1982. 

16. White, F. and J. Appel. A neuropharmacological analysis of 
the discriminative stimulus properties of fenfluramine. Psy- 
chopharmacology (Berlin) 73:110-115, 1981. 


