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DAVIES, A. M. AND L. A. PARKER. Fenfluramine-induced place aversion in a three-choice apparatus. PHARMA-
COL BIOCHEM BEHAV 44(3) 595-600, 1993. —The hedonic properties of the anorectic agent fenfluramine (0.25, 1.0,
2.5, 5.0, and 10.0 mg/kg) were assessed in two experiments in a place conditioning paradigm. After four conditioning trials,
rats were tested for their preference for a drug-paired chamber, saline-paired chamber, and a novel chamber. Fenfluramine

produced a place aversion at doses of 2.5-10 mg/kg.
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DRUGS that are reinforcing in the drug self-administration
paradigm also tend to produce a conditioned place preference
[for review, see (35)]. Because drugs that have reinforcing
properties are also considered to have a higher probability of
promoting addiction and substance abuse, it is important to
determine whether clinically effective drugs produce a place
preference. Of interest in the present study is the reinforcing/
aversive efficacy of fenfluramine, an agent used clinically as
an anorectic agent to suppress appetite. The anorectic proper-
ties of fenfluramine have been attributed to its ability to act as
a serotonergic agonist; fenfluramine nonspecifically facilitates
the release of serotonin both peripherally and centrally (4).

The reinforcing efficacy of drugs are typically tested in the
behavioral paradigms that include drug self-administration,
facilitation of intracranial electrical self-stimulation, and
place conditioning. Fenfluramine does not appear to produce
or maintain drug self-administration (1,9,13,28,34) or facili-
tate responding for electrical stimulation to the lateral hypo-
thalamus (17). When assessed in these paradigms, fenflura-
mine does not serve as a reinforcing agent. The ability of
fenfluramine to produce place conditioning has not been
tested.

In assessing its aversive properties, it has been demon-
strated that fenfluramine effectively establishes a conditioned
aversion to a taste with which it is paired [conditioned taste
avoidance (CTA)] at doses ranging from 3-9 mg/kg (6,8,
11,12). It is uncertain whether fenfluramine-induced CTA is
produced as a result of its anorectic effects or some other
effect such as its ability to produce nausea. However, fenflur-
amine has been demonstrated to produce a CTA at doses well
below those that suppress water intake (2 mg/kg) after only
one conditioning trial, suggesting that fenfluramine-induced
CTA is not mediated by “conditioned anorexia” (32).
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There is evidence that a fenfluramine-induced CTA is moti-
vated by an hedonic shift in the palatability of the drug-paired
flavor (24). When assessed by the taste reactivity (TR) test,
devised by Grill and Norgren (15) to directly measure the pal-
atability of a flavored solution, rats react to fenfluramine- and
lithium-paired flavors with the aversive TR pattern elicited
unconditionally by bitter quinine. On the other hand, rats
do not respond to flavors paired with the reinforcing drugs
amphetamine (22,27,36) or morphine (24) with the aversive
response pattern, although they avoid consuming the flavors.
On the basis of this pattern of results, it was suggested that
only drugs that are nonreinforcing are capable of producing
aversive taste reactivity responses. If this analysis is correct,
then fenfluramine, which produces aversive TR responses
when paired with a flavored solution, should not be reinforc-
ing in tests that assess drug reinforcement.

The results of all these experiments consistently suggest
that fenfluramine is nonreinforcing and/or aversive. One of
the primary paradigms used to examine whether a drug is
reinforcing or aversive is the place conditioning paradigm.
The hedonic properties of fenfluramine, however, have not
been assessed in this paradigm. The advantage of using the
place conditioning paradigm is its sensitivity not only to rein-
forcing properties but also to the aversive properties of drugs
(35). It is, therefore, conceivable that fenfluramine may pro-
duce a conditioned place aversion.

The present investigation assessed the hedonic properties
of various doses of fenfluramine in the place conditioning
paradigm. In Experiment 1, three moderate to high doses (2.5,
5, and 10 mg/kg) of fenfluramine were used, and in Experi-
ment 2 two lower doses (0.25 and 1 mg/kg) of fenfluramine
were used to expand the range of doses tested in this paradigm.

Place conditioning was assessed in our previously described
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(25) three-choice apparatus with a central choice chamber.
This apparatus provides the rat with the opportunity to select
among a drug-paired, saline-paired, and novel chamber.
Scoles and Siegel (30) suggested that morphine-induced place
conditioning may actually reflect a rat’s preference for nov-
elty. If the drug interferes with habituation to the chamber
with which it is paired, then it may maintain the novelty of
the drug-paired chamber. When rats are subsequently tested
for their relative preference for a drug- or a saline-paired
chamber, they may select the drug-paired chamber not be-
cause it has become associated with the positive hedonic prop-
erties of the drug but because it is relatively more novel (3).
The present experiment allows the rat to select among a drug-
paired, a saline-paired, and a novel chamber from the central
choice chamber. A place preference is defined as a greater
preference for the drug-paired chamber than the novel or the
saline-paired chamber. A place aversion is defined as a greater
avoidance of the drug-paired chamber than the saline-paired
or novel chamber.

In addition, while rats were tested for place preferences
their activity level in each chamber was monitored. It has
previously been demonstrated that rats tend to be most active
while in their least preferred chamber and least active while in
their most preferred chamber (3,23).

METHOD

Subjects

In Experiment 1, 36 male Sprague-Dawley rats weighing
between 247-282 g served as subjects. Rats were maintained
on ad lib access to Purina Lab Chow and water. Twelve rats
were conditioned and tested 3 weeks after the first 24 rats
were tested. In Experiment 2, 24 male Sprague-Dawley rats
weighing between 259-281 g were treated identically to those
of Experiment 1 except as indicated.

Apparatus

The apparatus was a three-arm maze with a central choice
area (25 x 25 cm). The wooden walls of each chamber (35
X 25 X 30 cm) and the floor of the central choice area were
painted flat black. The floors of the chambers differed both
tactually and visually. The three different floors were as fol-
lows: black plastic, small grid (1/4 cm), 5-cm strips of black
sandpaper located 10 cm apart on the black wooden floor.
The chambers were covered with clear plastic lids. In condi-
tioning trials, rats were confined to each chamber with a di-
vider painted flat black. The room was illuminated by two
fluorescent ceiling lights.

Rats’ behavior during testing was recorded by a videocam-
era located in the ceiling of the testing room. The videocamera
sent an image of the largest part of the rat’s body to an activity
tracking apparatus, Videomex V (Columbus instruments, Co-
lumbus, OH), which then sent a signal to an IBM microcom-
puter for later analysis. The activity tracking apparatus pro-
vided not only the amount of time spent in each test chamber
(and the central choice chamber) but also the frequency of
crossings among four quadrants within each chamber as a
measure of activity level during the preference testing while in
each chamber.

Procedure

One week after rats arrived, the conditioning trial cycles
began. In Experiment 1, there were three fenfluramine dose
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conditions (2.5, 5.0, and 10.0 mg/kg), and in Experiment 2
there were two fenfluramine dose conditions (0.25 and 1.0
mg/kg), with 12 rats in each condition. All injections were
administered IP. The procedures employed for both experi-
ments were identical. Rats received four conditioning trial cy-
cles (fenfluramine trial/saline trial) with 2-4 days intervening
between each cycle to permit clearance of fenfluramine. On
the first trial of a cycle, rats were injected with fenfluramine
or saline solution 5 min prior to being placed in one of the
chambers of the three-arm maze for 30 min. On the following
day, they were injected with the alternate solution and placed
in an alternate chamber in the three-arm maze for 30 min.
The third chamber remained novel. The order of drug condi-
tioning within a cycle and the chambers paired with the drug
or saline were completely counterbalanced. The test trial oc-
curred 3 days after the final conditioning trial cycle. During
the test trial, rats were placed in the central choice area of the
three-arm maze with the barriers between chambers removed,
and the video-tracking apparatus monitored the movement of
the rat for 30 min.

Data Analysis

For Experiment 1, the amount of time (seconds) spent in
each of the three test chambers was analyzed as a 3 x 3
mixed-factor analysis of variance (ANOVA) with the between-
groups factor of dose of fenfluramine (2.5, 5.0, and 10.0 mg/
kg) and the within-groups factor of chamber (drug paired,
saline paired, and novel). The activity measure was converted
into a score that reflected the amount of time spent in the
appropriate chamber. The frequency of quadrant crossings
within each chamber was converted to a rate measure deter-
mined by dividing the frequency of crossings while in each
chamber by the amount of time spent in the chamber, and
these scores were analyzed as a 3 X 3 mixed-factor ANOVA
in the same manner as the measure of the amount of time
spent in each chamber. Subsequent posthoc comparison tests
were conducted with a Newman-Keuls analysis. For all statis-
tical tests, the significance level was set at p < 0.05.

For Experiment 2, the mean time spent in each test cham-
ber and the activity while in each chamber were analyzed as 2
X 3 mixed-factor ANOVAs with the between-groups factor
of dose (0.25 and 1.0 mg/kg) and the within-groups factor
of chamber (fenfluramine paired, saline paired, and novel).
Subsequent comparison tests were conduced by Newman-~
Keuls tests.

The amount of time spent in the central choice chamber
during testing was also analyzed in both experiments by a
single-factor within-groups ANOVA. In neither experiment
did groups significantly differ in the amount of time spent in
the choice chamber.

RESULTS

Experiment 1

Place conditioning. Figure 1 presents the mean number of
seconds spent in each chamber during the place preference
test for rats conditioned with each dose of fenfluramine in
Experiment 1. The solid bars represent the fenfluramine-
paired chamber, the open bars represent the saline-paired
chamber, and the hatched bars represent the novel chamber.
The 3 x 3 mixed-factor ANOVA revealed a significant cham-
ber main effect, F(2, 66) = 13.09, p < 0.01. The dose X
chamber interaction was not significant, F(4, 66) = 0.29.
Subsequent Newman-Keuls analyses of the main effect of
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FIG. 1. Mean (& SE) number of seconds rats spent in each chamber of a three-choice
apparatus following place conditioning with 2.5, 5.0, and 10.0 mg/kg fenfluramine

in Experiment 1.

chamber revealed that rats spent significantly less time in the
drug-paired chamber than either the saline-paired or the novel
chamber (p < 0.01). The rats’ preference for the saline-paired
chamber did not differ from their preference for the novel
chamber.

Activity measure. Figure 2 presents the mean number of
quadrant crossings per minute displayed by rats while in each
chamber during the place preference test of Experiment 1.
The 3 x 3 mixed-factor ANOVA for each of these behaviors
revealed a significant chamber main effect only, F(2, 66) =

18.06, p < 0.01. Subsequent Newman-Keuls analyses for the
chamber main effect revealed a significantly higher rate of
quadrant crossing in the drug-paired chamber than either the
saline-paired or the novel chambers (p < 0.01). The rate of
quadrant crossing was also significantly greater in the saline-
paired chamber than in the novel chamber (p < 0.01).

Experiment 2

Figure 3 presents the mean amount of time (seconds) rats
conditioned with 0.25 or 1.0 mg/kg fenfluramine spent in
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FIG. 2. Mean (= SE) number of quadrant crossings per minute in each chamber of a three-choice
apparatus following place conditioning with 2.5, 5.0, and 10.0 mg/kg fenfluramine in Experi-

ment 1.
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FIG. 3. Mean (+SE) number of seconds rats spent in each chanber during Experi-

ment 2.

each of the chambers during the place preference test of
Experiment 2. The 2 X 3 mixed-factor ANOVA revealed no
significant effects, although the dose X chamber interaction
approached significance, F(2, 44) = 2.63, p < 0.085. A sin-
gle-factor within-groups ANOVA for the chamber effect for
each dose group revealed no significant effects. The activity
measure also revealed no significant effects.

DISCUSSION

Previous research has consistently shown that fenfluramine
is not reinforcing. Fenfluramine does not maintain self-ad-
ministration even at the minimum response requirement (1,
9,13,28,34) and does not facilitate self-stimulation responding
(17). It also effectively establishes a CTA (6,8,11,12,32) and
produces aversive taste reactivity responses (24), suggesting
that a fenfluramine-paired flavor becomes unpalatable to rats.
Therefore, it was anticipated that, like lithium (which shows a
similar pattern of results in these paradigms), fenfluramine
would also produce a place aversion in the place conditioning
paradigm. The resuits of the above experiments revealed that
doses of fenfluramine between 2.5-10 mg/kg produce a place
aversion.

Because in Experiment 1 the dose of fenfluramine did not
effect the strength of the place aversion, it is possible that 2.5
mg/kg is an asymptotic aversive dose; hence, an increase in
dosage above 2.5 mg/kg does not produce an increase in aver-
sive hedonic properties. In Experiment 2, doses of 0.25 and
1.0 mg/kg fenfluramine produced neither a place preference
nor a place aversion. It does not appear that fenfluramine
produces a positive hedonic effect, even at low doses that
are unlikely to deplete serotonergic stores (29); however, it is
conceivable that doses lower than 0.25 mg/kg would produce
a conditioned place preference.

The activity measure employed in the present experiments
serves as another measure of the reinforcing/aversive proper-
ties of a drug. When conditioned with a reinforcing drug such
as morphine or amphetamine, rats spend more time in the
drug-paired chamber than in the saline-paired chamber and
are also less active while in the drug-paired chamber than
while in the saline-paired chamber (3,25), regardless of the

unconditioned effects of that agent on activity. On the other
hand, when conditioned with an aversive drug (lithium chlo-
ride) rats spend less time in the drug-paired chamber and are
more active while in that chamber than while in the saline-
paired chamber (25). In the above experiment, rats were more
active while in the fenfluramine-paired chamber than while in
either the saline-paired or novel chambers. Because rats also
demonstrated a fenfluramine-induced place aversion, this find-
ing replicates a previous report (25) that rats are most active in
the most aversive chamber during a place preference test.

Because fenfluramine has never been tested in a place con-
ditioning paradigm, this experiment provides evidence that
not only is fenfluramine not reinforcing to rats [as previously
demonstrated by self-administration studies (1,10,13,14,17,
28,34)] but also it is aversive. It is unclear whether the aversive
properties of fenfluramine measured in the place conditioning
paradigm are related to its anorectic properties (5,14). How-
ever, it has been reported (35) that cholecystokinin (CCK),
the satiety hormone released by the duodenum after comple-
tion of a meal, also produced a place aversion. Because at
some doses CCK also produces anorexia when administered
by peripheral injection, the anorexia produced by CCK may
be the result of nonspecific malaise rather than the result of
specific effects on the hunger system (35). It is possible that a
similar explanation may account for the suppression of feed-
ing by fenfluramine at doses ranging from 2.5-10.0 mg/kg.
However, it has been reported that a dose of fenfluramine as
low as 0.5 mg/kg modifies macronutrient intake (36). This
dose was ineffective in Experiment 2 in producing a condi-
tioned place aversion. Therefore, at low doses modification
of appetite by fenfluramine pretreatment is unlikely to be the
result of its nonspecific aversive properties.

The hedonic properties of some serotonergic agents, other
than fenfluramine, have been assessed in the place condition-
ing paradigm. It has been demonstrated that serotonin trans-
mission is important for the establishment of morphine-
induced place preferences because S-hydroxytryptamine,
(5-HT,) and 5-HT; receptor antagonists disrupt the formation
of a place preference conditioned with morphine, nicotine,
and amphetamine (7,16,23). However, it has also been re-
ported that zimeldine, a serotonergic agonist, suppressed the
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establishment of an amphetamine-induced conditioned place
preference but not a morphine-induced conditioned place
preference (18). When the direct reinforcing properties of ser-
otonergic agonists and antagonists have been assessed in the
place conditioning paradigm, although some investigators
have reported that 5-HT agonists such as zimelidine (18) and
5-HT, and 5-HT, antagonists such as ritanserin (22) and ICS-
205,930 and MDL72222 (7) produce no place conditioning, it
has recently been reported that the 5-HT, antagonist ondanse-
tron produces a place aversion (16). Other investigators, how-
ever, have reported that both buspirone, a selective 5-HT,,
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antagonist (21), and DPAT, a selective 5-HT,, agonist (31),
both produce a place preference (16). The relevance of the
relationship between the hedonic properties of fenfluramine
and selective 5-HT agonists and antagonists requires further
investigation.
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