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ABSTRACT

Data on the effects of serotonin reuptake inhibitors on learning
and memory processes are not consistent. In the present study,
the effects of citalopram, a very potent and completely selective
inhibitor of the serotonin reuptake on spatial discrimination in
the T-maze and Morris water maze, were assessed in mice and/or
rats. Animals received different doses of citalopram (1, 2, 4, 8 or
16 mg/kg, i.p.) or its vehicle (saline) 3(0min before training each
day. The results showed no significant effects of citalopram on T-
maze discrimination task in mice and rats. However, there was
dose-dependent increases in latencies to find the invisible
platform and traveled distances in citalopram received groups
compared to the control group with the peak effect at doses of 4
and 8 mg/kg in Morris task. Therefore, it appears that citalopram

can cause learning deficits in complex spatial tasks. /ran. Biomed. J.
4.:21-29, 2000
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INTRODUCTION

Serotonin (5-hydroxytryptamine, 5-HT) plays a significant role in
learning and memory processes. But, data on the effects of 5-HT on
these processes are inconsistent. However, despite the incon-
sistencies, the preponderance of evidence shows that stimulation of 5-
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HT activity in the brain impairs, whereas impedance of its activity
enhances learning and memory [1, 2].

One contributor to the advance in knowledge about brain serotonin
neurons and their physiological roles has been a group of compounds
that selectively inhibit 5-HT reuptake into the nerve terminals.
Fluoxetine, zimelidine, sertraline, paroxetine, fluvo-xamine, indalpine
and citalopram are the selective inhibitors of the serotonin reuptake
(SSRIs) that have been most widely studied [3]. By blocking the
membrane uptake carrier, which transports serotonin from the
extracellular space to inside the 5-HT nerve terminals, these
compounds raise synaptic concen-trations of serotonin and presumed
to increase serotonergic transmission [1]. Serotonin uptake blockers
exert antidepressant-like effects in the animal models of depression
[4, 5]. Some of them have been therapeutically useful in treating
mental depression, bulimia and obsessive-compulsive disorder in
humans, and therapeutic benefit has been claimed in additional
diseases as well. Apart from their therapeutic applications in humans,
SSRIs have been useful research tools for experiments in laboratory
animals [3]. A number of these drugs were studied for their effects on
learning and memory. Surprisingly, in most instances these studies
showed that treatment with SSRIs improved performance on learning
tasks in animals and humans [1, 3, 6-8]. However, inconsistent and
contrary results do exist [9, 10].

Citalopram is a potent and selective inhibitor of the 5-HT reuptake
mechanism [3, 11 13], increases the extracellular concentrations of
serotonin [3, 14-18] and its effect is not associated with changes in
catecholamines [11, 14]. Due to the selective action on 5-HT uptake,
citalopram seems to be a valuable tool in studying the role of central
serotonergic system in experimental neuropharmacology [I11].
Citalopram like other SSRIs showed antidepressant effects in animal
models of depression [4, 5]. It was effective in the treatment of
alcoholism [19 20], panic disorder and school phobia [21] and
relieved the symptoms of diabetic neuropathy [2]. Patients with
Alzheimer disease or senile dementia of Alzheimer type treated with
citalopram showed a significant improvement in emotional
disturbances, but not in cognitive impairment [23. However, it has
been reported that both cognitive and emotional functioning improved
significantly in the citalopram-treated elderly depressed patients [24].
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There are few animal studies showing the effects of citalopram on
learning and memory. However, there is a report indicating
acquisition deficits caused by citalopram in a two-way active
avoidance task [25]. Thus, the present study was conducted to assess
the effects of citalopram on different learning tasks including T-maze
and Morris water maze in rats and mice.

MATERIALS AND METHODS

Subjects. Male albino Wistar rats (200-250 g) and male N.MRI mice
(25-30 g), bred in Pasteur Institute of Iran, were used. They were
housed six per cage in a constant temperature room (24+1°C), with
lights on from 06:3o 18:30 h. All of the animals had free access to
food and water except for animals which were used for T-maze that
were food deprived throughout the experimental period to maintain
85% of normal body weight.

Drug. Citalopram, HBr (Lundbeck Co., Denmark) was dissolved in
0.9% isotonic saline. Rats received different doses of citalopram (1, 2,
4, 8 and 16 mg/kg, 1.p.). Control animals received equal volume (2
ml/kg) 1.p. injections of saline.

Behavioral assessment. All tests were conducted between 0900 and
1300 h.

T-maze for mouse. The T-maze for mouse was wooden with stem
and arms 35 X 1@m x 2%m high . The start box (10 x 1Zm ) was
separated from the stem and the stem was separated from the arms by
vertical sliding doors. The protocol for this test was similar to that of
File et al. [26]. Briefly, testing was preceded by two free exploration
sessions (one daily) of 1(min each, in order to familiarize animals
with the apparatus. On the following 2 days, mice were given
successive trials as follows: at the start of a trial, the mouse was
placed in the start box; after 30 s, the door to the stem was opened.
When the mouse entered one of the arms, the door to that arm was
closed. The chosen arm and the time, which elapsed between the
opening of the stem-door and the closing of the arm-door (running
latency), were noted. After a 3¢ confinement in the chosen arm
(whether or not it was reinforced, see below), the mouse was removed
and placed in a start box for the following trial, which began with a 30
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s confinement. On the first day animals were given successive trials in
order to evaluate their rate of spontaneous alternation (first six trials)
and then acquisition of spatial discrimination on the following trials.
For this purpose, the first five trials were performed with both arms
reinforced (one food pellet); on the following trials only one arm
(right or left for different animals) was reinforced and trials continued
until the mouse reached a criterion of five consecutive correct
(reinforced) choices. Twenty-four hours later, animals were tested for
retention of the discrimination; accordingly, they were given
successive trials under the same conditions as during acquisition and
until they reached the same criterion.

Citalopram was administered 30min prior to both test days (day I:
alternation + acquisition of the discrimination; day 2: retention of the
dis-crimination). The number of animals in each group was 9-11

T-maze for rat. The T-maze for rats was also wooden with 15 cm
high walls and start and goal boxes 16.5 x 16.5 cm was used. The 50
cm long stem led to two L-shaped arms. The first part of each arm
was 36 cm long and the second part, which led to the goal box, 30 cm
long. Guillotine doors separated the start box from the stem and the
stem from the arms. The protocol for this test was similar to that
Annett et al. [27] had used. Briefly, preliminary training took place on
days 1 to 3 to familiarize animals with the apparatus and testing. On
days 4 and 5 (spontaneous alternation), food was available in both of
the goal boxes on every trial. Each rat was confined to the start box
for 10 s before being allowed to choose one of the goal boxes, where
it was confined for a further 20 s Eleven consecutive trials were given
per day and the choice of right or left goal box was recorded, as was
the latency between leaving the start box and entering the chosen arm.
On days 6 to 8 (spatial discrimination and reversal), Only one of the
goal boxes was rewarded and the rats had to learn which was correct.
Trials continued until the criterion of 5 consecutive correct responses
had been achieved. The choice of arm and latency between leaving
the start box and entering the chosen arm were recorded on every trial.
Immediately after reaching criterion the contingencies were reversed
so that the previously unreinforced goal box was now correct.
Training continued until the new response had been learnt, again to a
criterion of 5 consecutive correct responses. On day 9 (extinction),
after a spatial discrimination had been completed to 5 consecutive
correct responses, an extinction stage was introduced. The food pellets
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were removed from the T-maze, the goal box choices and the start box
to arm latencies were recorded over a further 1Qrials .

Rats received different doses of citalopram 30 min before testing on
days4-9. The number of animals in each group was 5-7.

Morris water maze. The Morris task was assessed in a water tank
which consisted of a circular black tub (diameter 136 cm, depth 60
cm), filled with 25cm of water at a temperature of 20 £ 1°C. The
escape platform was made of clear Plexiglas (diameter 10cm ),
submerged 1.5 cm below the surface of the water. An infrared camera
was mounted in the center above the circular pool. An infrared LED
was attached to each rat and the movement of animals were pictured
and sent to a computer. The protocol for this test was similar to that of
van der Staay ef al in 1994 (Department of Gerontopharmacology,
Institute for Neurobiology, Troponwerke GmbH & Co. KG, Cologne,
Germany). Briefly, The animals received four trials during five daily
acquisition sessions. A trial was started by placing a rat into the pool,
facing the wall of the tank. Each of four starting positions (north, east,
south and west) was used once in a series of four trials; their order
was randomized. The platform was always in the same quadrant
(southwest). A trial was terminated as soon as the rat had climbed
onto the escape platform or when 9G had elapsed . A rat was allowed
to stay on the platform for 2 . Then, it was taken from the platform
and the next trial was started. Rats that did not find the platform
within 90 s were put on the platform by the experimenter and were
allowed to stay there for 20 s after the completion of the fourth trial a
rat was gently dried with a towel, kept warm for an hour and returned
to its home cage. The path of each rat on each trial was automatically
recorded by a computerized system and then analyzed by computing
several parameters, e.g. latency to find the platform, traveled distance,
swim speed, heading angle, etc.

Citalopram was administered 30 min prior to testing each day. The
number of animals in each group was 6-8.

Statistics. All data were initially subjected to a Kruskal-Wallis
nonparametric analysis of variance (ANOVA) followed, where
appropriate, by post-hoc tests using Dunn’s test. In all comparisons,
p<0.05was used as the criteria for statistical significance.
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RESULTS
T-maze (mouse).

Spontaneous Alternation. Citalopram had no significant effects on
spontaneous alternation (Fig. 1A).

Discrimination Learning. There was no significant effects on the
number of trials needed to achieve criterion (Fig. 1B), the number of
errors (Fig. 1C) and latencies to enter the chosen arm (Fig. 1D) in
acquisition of spatial discrimination and retention of the
discrimination.

T-maze (rat).

Spontaneous Alternation. There was no significant difference in the
percentage of alternate choices and latencies between leaving the start
box and entering the chosen arm among the groups (not shown).

Spatial Discrimination and Reversal. The number of trials to reach
criterion (Fig. 2A), the number of errors while achieving criterion
(Fig. 2B) and latencies to enter the chosen arm were not significantly
different in the citalopram received groups on both learning and
reversal trials (Fig. 2C).

Extinction. Over the ten extinction trials, there were no significant
differences in the percentage of previously reinforced arm choices and
latencies to reach the chosen arm from the start box among the groups
(not shown).

Morris water maze. The results showed dose-dependent increases in
latencies to find the invisible platform (Fig. 3A) and traveled
distances (Fig. 3B) in citalopram received groups compared to the
control group with the peak effect at doses of 4 and

Fig. 1. Effects of citalopram on spontaneous alternation (A), acquisition and
retention (B: Trials to criterion, C: Errors, D: Latency) of T-maze discrimination
in mice. Bars represent £ SEM. The number of animals in each group is 9-11.
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Fig. 2. Effects of citalopram on rats performance in the T-maze. A: Mean
number of trials to reach criterion (i.e. up to, but excluding 5 consecutive correct
responses). B: Mean number of errors while reaching criterion. C: Mean
latencies from leaving the start box to entering the chosen arm. Bars represent +
SEM. The number of animals in each group is 5-7.

Fig. 3. Effects of different doses of citalopram on rats performance in Morris
water maze. A: Mean latencies, B: Mean traveled distances, C: Mean swim
speeds to find the invisible platform. Error bars indicate = SEM. The number of
animals in each group is 6-8. * P<0.05, ** P<0.01 vs control.

8 mg/kg The swimming speeds were not significantly different
among the groups (Fig. 3C).

DISCUSSION

The results obtained in this study indicated that citalopram did not
have any significant effect on T-maze alternation tasks in rats and
mice. However, it caused dose-dependent increases in latencies and
traveled distances to find the invisible platform in Morris water maze
in rats. Since, it did not change the swimming speeds of the animals,
the observed effect can be attributed to spatial learning.

There are few animal studies showing the effects of SSRIs and 5-HT
release enhancers in complex tasks. Many studies have used simple
procedures such as passive or active avoidance, in which performance
changes can be attributed to a number of non-specific effects [9]. The
results of these studies indicate a positive effect of SSRIs on
performance [3, 7, 8, 28-30]. However, there is a report indicating that
zimelidine, citalopram and fluoxetine caused disruptions of the two-
way active avoidance acquisition [2). The results of studies on the
effects of SSRIs in complex tasks conflict with the reports indicating
memory-enhancing effects of these compounds in simple procedures.
For instance, it has been shown that alaproclate dose-dependently
impaired water maze performance of rats [I]. In another study,
fluoxetine showed no memory improving effects on short-term spatial
memory in delayed matching to position and delayed non-matching to
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position procedures [9]. Apparently, contradictory effects of 5-HT
uptake inhibitors have been observed, depending on the particular
behavioral task employed [2].

Citalopram is probably the most highly selective of the compounds 7n
vitro in respect to inhibiting serotonin uptake not norepinephrine or
dopamine uptake. Citalopram is without effect on monoamine oxidase
(MAO) and does not possess anticholinergic and antihistaminergic
properties [12 It increases extracellular concentrations of serotonin
and amplifies signals sent by serotonin neurons [3]. In these
experiments, citalopram had no significant effects on simple spatial
tasks such as T-maze, but in Morris water maze, which is a complex
spatial discrimination task, citalopram impaired acquisition of place
navigation in rats. The Morris water maze is a useful tool assessing the
spatial memory abilities of rodents [3]. It has been recommended as
superior to other more traditional procedures such as the T-maze or the
radial-arm maze for several reasons. For example, the demands placed
upon the spatial localization system are much stronger than in a T-
maze and traditional sensory motivators like electrical shocks or
nutrient deprivation, which might obscure the interpretation of studies,
are unnecessary in this task [32]. It is believed that Morris water maze
holds a great promise for improving our understanding of normal and
disturbed memory processes in humans. It requires a high degree of
sophisticated information processing and an accurate recollection of
specific details of past experiences [31].

SSRIs have been used clinically in the treatment of several mental
diseases. They are the treatment of choice for many indications,
including major depression, dysthymia, panic disorder, obsessive-
compulsive disorder, eating disorders and premenstrual disphoric
disorder [33]. Therefore, it is important to assess their effects on
cognitive function. In fact, it has been reported that fluoxetine caused a
reversible cognitive dysfunction in a woman with a major depressive
disorder and after discontinuing the drug, her cognitive functioning
was significantly improved [34

The results of the present and previous studies suggest that in water
maze acquisition increased serotonergic activity modulates
mechanisms related to place navigation performance. Since impaired
memory has been mentioned as a side effect of SSRIs [33 , it should
be considered in pharmacotherapy of mood and other disorders
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especially in elderly patients with or without dementia such as
Alzheimer disease.

10.

11.
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