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Contribution of the dopaminergic system to the effect of chronic 
fluoxetine in the rat forced swim test 
Laura A. León and Fernando P. Cardenas
Universidad de los Andes, Bogotá, Colômbia

 
Abstract
Chronic administration of selective serotonin reuptake inhibitors (SSRI) enhances dopaminergic activity. However, the role of enhanced 
dopaminergic transmission in the therapeutic effects of this kind of antidepressants is still unclear. Drugs producing dopaminergic 
activation lead to an increment in general activity. Thus, it is reasonable to assume that some of the therapeutic effects of SSRIs are 
due to dopaminergic enhanced functionality. The forced swim test (FST) is a widely used test in the screening of new compounds 
with potential antidepressant activity. In this study the effects of pretreatment with low doses of the DA release inductor cocaine and 
the D2, D3 and D4 antagonist haloperidol were analyzed in the FST on rats submitted to chronic intragastric administration of the 
SSRI fluoxetine. Our results show that animals treated with fluoxetine and pre-treated with cocaine had significantly higher latencies 
than saline or haloperidol pre-treated subjects. Among both fluoxetine and saline treated animals, those pre-treated with cocaine had 
significant lesser immobility time. Haloperidol pre-treated animals had significantly higher immobility time than those pre-treated with 
saline. From these results, it is clear that the pharmacological modification of dopaminergic systems leads to behavioral changes in 
rats treated with both saline and fluoxetine. The FST does not have enough precision as to distinguish between dopaminergic and non-
dopaminergic components in the antidepressant effects of SSRIs, for this reason the use of the FST in combination to other models is 
mandatory. Keywords: forced swim test, antidepressant, fluoxetine, cocaine, haloperidol.

Introduction

The physiopathology of depression has been 
traditionally associated to dysfunction in noradrenergic and 
dopaminergic systems (Porsolt, Le Pichon, & Jalfre, 1977; 
Andrews, Ninan, & Nemeroff, 1996; Anttila & Leinonen, 
2002; Bourin, Chue, & Guillon, 2001; Chalon et al., 2003; 
Delgado & Moreno, 2000; Gupta, Nihalani, & Masand, 
2007; O’Leary et al., 2007). There is growing evidence 
that dopaminergic systems play an important role in both 
depression physiopathology and therapeutic mechanisms 
of some antidepressants (Ainsworth, Smith, & Sharp, 
1998; Benloucif & Galloway, 1991; Willner, 1983; Willner, 
1997; D’Aquila, Collu, Gessa, & Serra, 2000; D’Aquila, 
Monleon, Borsini, Brain, & Willner, 1997; D’Aquila et 
al., 2003; D’Aquila et al., 2000). The close relationship 
between dopaminergic dysfunction and depression arises 
from three main lines of evidence. The first lies in the 
relation between decreased dopaminergic transmission in 
the mesolimbic system and the genesis of behaviors such as 

anhedonia and loss of motivation (Nestler & Carlezon, Jr., 
2006; Juckel, Sass, & Heinz, 2003; Klimek, Schenck, Han, 
Stockmeier, & Ordway, 2002; Zangen, Nakash, Overstreet, 
& Yadid, 2001; Naranjo, Tremblay, & Busto, 2001; Juckel 
et al., 2003). 

Second, there are many clinical reports suggesting that 
chronic antidepressant treatment leads to an enhancement 
in the dopaminergic locomotor activity induced by 
quinpirole, D-amphetamine or apomorphine (Dziedzicka-
Wasylewska, Rogoz, Skuza, Dlaboga, & Maj, 2002; 
Dziedzicka-Wasylewska, Kolasiewicz, Rogoz, Margas, & 
Maj, 2000; Maj, Dziedzicka-Wasylewska, Rogoz, Rogoz, 
& Skuza, 1996; Maj, Rogoz, Skuza, & Sowinska, 1992; 
Maj, Rogoz, & Skuza, 1992; Fletcher, Sinyard, Salsali, 
& Baker, 2004; Callaway, Wing, & Geyer, 1990). The 
increase in DA levels, found in some cerebral areas as a 
result of the chronic exposure to antidepressants, such as 
desipramine, nortriptyline and paroxetine, is an evidence 
of this pro-dopaminergic effect of antidepressants (Carlson, 
Visker, Nielsen, Keller, Jr., & Glick, 1996; D’Aquila et al., 
2003; Collu, Poggiu, Devoto, & Serra, 1997; Collu et al., 
1997; Serra, Collu, D’Aquila, & Gessa, 1992; Serra, Collu, 
D’Aquila, De Montis, & Gessa, 1990). The enhancement in 
locomotion induced by dopaminergic agonists (Spyraki & 
Fibiger, 1981; Maj & Wedzony, 1985) is another evidence 
of the pro-dopaminergic effect of antidepressants. 

Third, few studies have proposed that drugs leading to 
the enhancement in dopaminergic transmission could act 
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as potential antidepressants in both animal modeling and 
human clinical practice (Muscat, Towell, & Willner, 1988; 
Muscat & Willner, 1989; Muscat, Papp, & Willner, 1992; 
Sampson, Willner, & Muscat, 1991; Kinney, 1985; Basso et 
al., 2005). Therefore, the precise role of the dopaminergic 
system and of the different types of dopaminergic receptors 
is not fully understood. It has been demonstrated that the 
activation of D2 and D3 receptors could affect the forced 
swim test (Basso et al., 2005; Siuciak & Fujiwara, 2004).

Since its introduction in 1977, the forced swim test 
(FST) is one of the most widely used animal models for 
depression (Porsolt et al., 1977; Basso et al., 2005; Connor, 
Kelliher, Harkin, Kelly, & Leonard, 1999; Gutierrez-
Garcia et al., 2003; Kitamura & Nagatani, 1996; Maj & 
Rogoz, 1999; Page, Detke, Dalvi, Kirby, & Lucki, 1999; 
Plaznik, Danysz, & Kostowski, 1985b; Reneric, Bouvard, 
& Stinus, 2002). It consists of a 40cm diameter cylinder, 
filled with water until a height of 30cm from the bottom. 
In this apparatus, the rat (or mouse) is allowed to swim 
twice with an interval of 24 hours. In the first swim session 
(pre-swim session) the animal is allowed to swim for 15 
minutes. After this time, the animal is removed from the 
apparatus and gently dried. Twenty-four hours later, the 
subject enters the apparatus once more and is allowed 
to swim for only five minutes. In this swim session, rats 
and mice show a decrease in the swimming time. The 
latency of the first immobility and the total immobility 
time have been traditionally used as indices of “behavioral 
despair”, similar to the characteristic behavior in human 
depressive states (Bourin et al., 2001; Corrigan, Denahan, 
Wright, Ragual, & Evans, 2000; Fava, 2003). Drugs with 
antidepressant potential significantly increase latency 
and reduce immobility; for this reason this test is widely 
used in the screening of new compounds with potential 
antidepressant effects (Cryan, Page, & Lucki, 2002; Hedou, 
Pryce, Di Iorio, Heidbreder, & Feldon, 2001; Karolewicz, 
Paul, & Antkiewicz-Michaluk, 2001; Nakazawa, Yasuda, 
Ueda, & Ohsawa, 2003; Nixon, Hascoet, Bourin, & 
Colombel, 1994; Page et al., 1999; Peng, Lo, Lee, Hung, 
& Lin, 2007).

Given the nature of this task, it is possible that the 
general locomotor level might influence the final outcome 
leading to a misinterpretation of the results. For example, 
drugs with putative effects on dopaminergic systems 
(enhancing motility) could be considered as having 
antidepressant effects (Carlezon, Jr., Mague, & Andersen, 
2003; Bertaina-Anglade, La Rochelle, & Scheller, 2006; 
Clemens, Cornish, Li, Hunt, & McGregor, 2005; Dhir & 
Kulkarni, 2007; Plaznik, Danysz, & Kostowski, 1985a). 
From all the above, it is clear that although there are 
evidences of the relation between dopaminergic activity 
and depression, this relation is not fully understood.

The aim of the present study was to evaluate the effect 
of increasing or reducing dopaminergic activity on the FST 
in rats previously treated with fluoxetine.

Method

Animals
Thirty-seven naive Wistar male rats (290-350g) from 

the animal houses of the Facultad de Psicología of the 
Universidad Javeriana and the Facultad de Medicina 
Veterinaria y Zootecnia of the National University of 
Colombia were used. Animals were maintained under 
controlled temperature (22 ± 2aC), 12:12 dark-light cycle 
(lights on at 07:00 h) and housed in four per cage, with free 
access to food and water throughout the experiment. The 
experiments were conducted between 9:00 and 17:00. 

Drugs
Animals in the sub-chronic treatment condition 

received intragastric fluoxetine (Lilly - Brazil, 2.0 mg/
Kg/ml) dissolved in saline solution (0.9%) during 15 
consecutive days. In the pre-treatment condition, animals 
received intragastric cocaine chlorhydrate (15 mg/Kg/ml) 
or haloperidol (Jenssen, 0.3mg/Kg/ml) dissolved in saline 
solution (0.9%). The cocaine chlorhydrate was kindly 
donated by a laboratory that prefers to remain anonymous.  
A liquid chromatography analysis was carried out in order 
to assess the purity of the cocaine chlorhydrate. According 
to the literature, the doses of cocaine and haloperidol used 
here are considered to be low with no effects expected 
on locomotor activity (Cunningham & Callahan, 1991; 
Kleven & Koek, 1998; Terry, Witkin, & Katz, 1994; West & 
Weiss, 1998). In order to assess locomotor effects of these 
cocaine or haloperidol doses, several rats were submitted 
to the FST after the administration of the compounds. This 
preliminary study showed the absence of any observable 
changes in locomotor activity.

Apparatus
Behavioral tests were conducted in a modified version 

of the traditional FST apparatus (Porsolt et al., 1977). It 
consisted of a dark plastic cylinder (40cm in diameter 
x 60cm in height). In both pre-swim and swim sessions 
the cylinder was filled with water (23ºC) until a height of 
30cm from the bottom. The temperature of the water was 
constantly monitored to prevent hypothermia.

Procedure
After the arrival at the laboratory, rats were allowed 

at least three days to acclimate to the vivarium conditions 
before the beginning of the experimental procedures. 
Before any experimental session, all subjects were handled 
and habituated to the intragastric procedure. The tubing 
was gently carried through the mouth into the stomach, 
where the drug was delivered. Two researchers performed 
this procedure in order to avoid lesions and excessive 
stress. Rats were then randomly assigned to the fluoxetine 
or saline treatment conditions. The treatment condition 
consisted in two daily intragastric applications of fluoxetine 
or saline solution during 15 days. On day 14, rats were 
submitted to a 5-min pre-swim session. After that, rats 
were removed from the apparatus, dried in a separate cage 
and returned to their home cage. Twenty-four hours later, 
animals from each group were randomly divided into three 
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groups according to the following pre-treatment conditions: 
haloperidol, cocaine or saline, administered 45, 5 and 10 
minutes before the test, respectively. The intervals of 45 
and 5 seconds were preferred according to previous data 
obtained in our laboratories. The interval of 10 minutes was 
randomly selected. After the administration of the drug, 
all animals were tested for the second time in the same 
apparatus and were allowed to swim during a period of 
five minutes (swim session). Accordingly, the experiment 
was composed of six groups of animals: Saline-Saline, 
Saline-Haloperidol, Saline-Cocaine, Fluoxetine-Saline, 
Fluoxetine-Haloperidol and Fluoxetine-Cocaine.

The total immobility time and the latency to the first 
episode of immobility were recorded. Immobility was 
defined as the absence of any movement except those 
necessary to float. The behavior of all subjects was recorded 
by a video camera connected to a computer in an adjacent 
room and digitized for further analysis. 

The experiments were performed in compliance with 
the Colombian ethical recommendations for laboratory 
animal care (law 84-1989 and political resolution 8430-
1993 of the Colombian Health Department).

Statistical Analysis
Immobility latency and total immobility time data were 

analyzed using a two-way (treatment x pre-treatment) 
analysis of variance (ANOVA). When needed, differences 
between group means were compared using the Student 
Newman-Keuls test. In all cases, data were deemed 
significant when p < .05.

Results

Immobility latencies
Figure 1 shows the immobility latencies for the 

treatment and pre-treatment groups in the swim session. 
In this session, the ANOVA showed that there were no 
significant differences for treatment, F(1, 31) = 1.39, p 

= .25, or pre-treatment factors, F(2, 31) = 1.04, p = .37. 
However, the interaction between both was significant, F(2, 
31) = 8.75, p < .001). The comparison of the mean values 
for the groups showed that animals treated with fluoxetine 
and pre-treated with cocaine had significantly higher 
latencies than saline or haloperidol pre-treated subjects (p 
< .05). The comparison between the mean values of the 
groups also showed that among subjects pre-treated with 
cocaine, the latencies were higher for fluoxetine than for 
saline treated animals (p < .05).

Immobility time
Figure 2 shows the percentage of immobility time 

for subjects treated with saline or fluoxetine in the swim 
session. The ANOVA showed that there were no significant 
differences for the treatment, F(1, 31) = 3.73, p = .06) or 
pre-treatment conditions, F(2, 31) = 2.22,  p = .13. However, 
the interaction between the two factors showed significant 
differences, F(2, 31) = 6.86, p < .01. The comparison 
of the mean values for the groups showed that among 
fluoxetine treated animals, those pre-treated with cocaine 
had significantly less immobility time than those pre-treated 
with saline (p < .05). It was also found that haloperidol pre-
treated animals had significantly higher immobility time 
than those pre-treated with saline (p < .05). The comparison 
of the mean values for the groups also showed that among 
saline treated animals, those pre-treated with cocaine had 
significantly lesser immobility time than those pre-treated 
with saline (p < .05). Finally, the comparison between the 
mean values of the groups also showed that among subjects 
pre-treated with cocaine the immobility time was higher for 
saline- than for fluoxetine-treated animals (p < .05).

Discussion

Chronic administration of fluoxetine is known to 
enhance dopaminergic activity (Ainsworth et al., 1998; 
Arnt, Hyttel, & Overo, 1984; Zhang et al., 2000). Our 

Figure 1. Immobility latencies for treatment (saline or fluoxetine) and pre-treatment (saline, haloperidol or cocaine) in the swim 
session. * = same treatment but different pre-treatment. ° = same pre-treatment but different treatment (p < .05).
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results show that chronic fluoxetine treatment slightly 
enhances activity in the forced swim test as indicated by 
the increased latency and the slightly reduced time of 
immobility in the swim session. One common argument 
against the validity of the FST as an animal model of 
depression relies on the fact that control subjects (not 
submitted to any procedure for the induction of depression) 
enhance their general activity. Such an increment in activity 
could reflect an enhanced dopaminergic function, rather 
than the suggested antidepressant effect. Accordingly, 
our results showed that fluoxetine treated animals slightly 
enhanced their swimming activity. Nevertheless, it could 
be argued that the handling procedure required for the 
intragastric administration of the drug could induce stress 
leading to a depressive behavior. However this does not 
seem to be the case. In general, procedures employed to 
induce depression use different kinds of simultaneous mild 
stressors in order to prevent habituation to a repeated type 
of stimulus (Willner, Muscat, & Papp, 1992). The procedure 
used here for intragastric application was identically 
performed every time, facilitating the habituation and 
making the situation relatively stress-free.  Therefore, it can 
be concluded that the experimental situation did not reach 
the level of stress needed to induce depression. Moreover, 
the daily behavioral reports during the whole experiment 
were negative for stress for all groups.

Thus, the incremented motility could be better 
understood as a consequence of the enhanced dopaminergic 
activity. Two possible mechanisms could be proposed 
as responsible for this enhanced dopaminergic activity. 
On the one hand, fluoxetine could tonically increase the 
activity of dopaminergic neurons. On the other hand, 
fluoxetine could induce a decrement in DA release and, 
as a consequence, the amount of DA receptors would 
be upregulated with a resultant sensitizing effect. The 
clinical evidence of the amount of time needed by SSRI 
antidepressants to begin the therapeutic effect and some 
early reports on DA1 and DA2 mRNA enhanced expression 
in rats chronically treated with SSRI’s (Ainsworth et al., 
1998) seem to support the latter. However, recent evidence 
indicates that SSRI’s, and in particular fluoxetine, could 

increase the spontaneous activity of DA neurons in the 
mesencephalic ventral tegmental area (Sekine, Suzuki, 
Ramachandran, Blackburn, & Ashby, Jr., 2007). Here we 
found that chronically saline-treated rats showed a slight 
decrement in latency when pre-treated with cocaine. 
However, the same cocaine dose markedly increased the 
latency and decreased the immobility time in chronically 
fluoxetine-treated animals. Given that cocaine is not 
a direct agonist, but a DA releaser, this result suggests 
that the mechanism underlying the fluoxetine-induced 
motility is not merely the enhancement in the number 
of DA receptors (sensitization), but the increase in the 
number of active cells releasing DA, or both.

The reduced immobility time induced by cocaine, in 
addition to the fact that both saline and fluoxetine treated 
rats showed enhanced immobility time when pre-treated 
with haloperidol, clearly suggest a strong dopaminergic 
effect upon the swimming task. Since haloperidol acts as a 
D2-type antagonist (D2, D3 and D4), it could be proposed 
that at least these receptors are involved in mediating the 
dopaminergic effects in this behavioral task.

From our results, it is clear that the pharmacological 
modification of dopaminergic systems leads to behavioral 
changes in rats treated with both saline and fluoxetine. 
Therefore, it appears that the FST, in spite of being the 
preferred animal model for depression, is not sensitive 
enough to differentiate dopaminergic motor components 
from other components, i.e. serotonergic (emotional) or 
noradrenergic (motivational). For the sake of precision 
in animal modeling, we suggest that, in addition to 
the FST, other animal models would be important to 
evaluate depression-related properties of new potential 
antidepressant compounds, i.e. active avoidance, social 
isolation, learned helplessness, behavioral despair, genetic 
depression models or pharmacological models.
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