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Amitriptyline administered after consolidation of inhibitory avoidance
does not affect memory retrieval

Andrés Parra, Estrella Everss, M. Carmen Arenas, Concepcién Vinader-Caerols and Santiago Monleén
Universidad de Valencia

In Experiment 1, the effect of the administration of the antidepressant amitriptyline (30 mg/kg) for 21
days on the acquisition and consolidation of the inhibitory avoidance task was studied in male and fe-
male mice. In Experiment 2, it was evaluated whether amitriptyline administered after the consolida-
tion of this task would block the memory retrieval. Anxiety and spontaneous activity in the elevated
plus maze were also assessed. When amitriptyline was given before the training phase of inhibitory
avoidance it blocked learning in males and there was a tendency in the same direction in females. Ho-
wever, the drug administered between training and test phases did not affect conditioning. These
effects of amitriptyline seem to be independent of its actions on anxiety and locomotor activity. It may
be that the effects observed are related to the therapeutic effects of antidepressants.

La amitriptilina administrada después de la consolidacion de la evitacion inhibitoria no afecta a la re-
cuperacion de la memori&e estudié el efecto de la administracién, durante 21 dias, del antidepresi-

vo amitriptilina (30 mg/kg) sobre la adquisicion y consolidacion de la memoria de una tarea de evita-
cion inhibitoria en ratones machos y hembras (Experimento 1). También se estudio si la amitriptilina,
administrada una vez finalizado el periodo de consolidacién, interferia con su recuperacion (Experi-
mento 2). En los animales de este experimento se evaluaron la ansiedad y la actividad espontanea en
el laberinto en cruz elevado. La amitriptilina, cuando se administré antes de la adquisicion, impidi6 el
aprendizaje en los machos y mostré una tendencia en el mismo sentido en las hembras; cuando se ad-
ministré entre la adquisicién y la retencién no produjo deterioro. Estos efectos parecen independientes
de una accion inespecifica del farmaco sobre la ansiedad o la actividad. Se sugiere que los efectos ob-
servados pueden tener relacion con los efectos terapéuticos de los antidepresivos.

Antidepressants are prescribed not only for depression but alsBorsolt, 1982), which are used to determine the effect of drugs on
for a wide range of mental disorders (Baldessarini, 2001). Althoughmemory.
they have clinical advantages, the current armamentarium of In this context, it is understood that in the first session of FST
antidepressants presents an unacceptable lack of efficacy (Gumnitie animal should learn to remain immobile, and the second session
and Nemeroff, 2000). An important limitation in designing better would be a test of retention of what was learned in the first one (de
antidepressants is that the mechanism of action responsible for thétablo, Parra, Segovia and Guillamén, 1989; Martos, Vinader-
therapeutic effect is unknown. Although the pharmacodynamics ofCaerols, Monledn, Arenas and Parra, 1999; Parra, Vinader-Caerols,
these drugs at molecular, cellular and system level has beedonledn and Simén, 1999).
investigated (e.g., Palucha and Pilc, 2002; Shelton, 2000; Shiling Since antidepressants deteriorate the execution of FST (i.e.,
and Kelsoe, 2002), at cognitive level studies are less common. Thenimals swim more than controls in the second session, see
purpose of the present study, and others carried out or beinBorsolt, Le Pichon and Jalfre, 1977) the following question is
prepared in our laboratory, is to evaluate the effects of amitriptylineaised, do antidepressants deteriorate memory? Animal studies
on animal cognition to relate them to some characteristics of thesing tests well established in the literature as memory tests could
therapeutic effects of this and other antidepressants. help answer this question. The step-through inhibitory (passive)

It has been suggested that the forced swimming test (FSTavoidance, chosen to carry out the present experiments, has been
shares some characteristics with memory tests, such as thesed for decades to test the pharmacological effects of drugs on
exploration of objects (Ennaceur and Delacour, 1988), and thenemory (Gold, 1986). In this task, the animal has to inhibit the
exploratory behavior in a photo-cell activity cage (Platel andcrossing to the dark compartment to avoid a footshock {Bures
Bureova and Huston, 1983).

Previous studies have shown that the acute administration of
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Ferrer-Aid and Parra, 2006; Parra, Everss, Monleén, Vinaderfloor was made of 48 stainless steel bars of 0.7 mm in diameter and
Caerols and Arenas, 2002). When amitriptyline is chronically8 mm apart.
administered, this deficit is also observed. Piracetam, a nootropic The elevated plus-maze used in Experiment 2 (Cibertec, S.A.,
clinically used in Europe, counteracts the effects of both acute anadrid, Spain) was made up of two open and two closed arnss (30
chronic administration of amitriptyline, although in the latter case5 cnt and 30x 15 x 5 cnt, respectively) extending from a common
only in male mice (Everss, Arenas, Vinader-Caerols, Monledn anaentral square (5 x 5 érand elevated 50 cm above floor level on
Parra, 2005; Parra et al, 2002). five pedestals. The maze floor was made of black Plexiglas; the open
In the present paper, we studied whether the chronic administratioarms had no protective edge while the walls of the closed arms were
of amitriptyline after the consolidation process of inhibitory avoidancemade from clear Plexiglas with the external sides covered with black
had taken place produces a deficit in memory. With this purpose, twpaper. The illumination in the experimental room consisted of four
independent experiments were carried out, the drug treatment beinggon tubes fixed to the ceiling (light intensity of 110 Ix at 50 cm
before the training phase in the one, and 24 hours after this phaseabove floor level). The elevated plus-maze task was recorded with a
the other. This period of 24 hours is more than sufficient to permit theideo camera (SONY Handycam CCD-TR401E, Tokyo, Japan).
consolidation of what was learned in the training phase, a process that
is considered to need 3 to 4 hours in rats (Izquierdo and Medin&xperimental Procedures
1997). The long standing use of this drug (it has been in clinical use
since the early 1960's) is irrelevant because none of the newer In Experiment 1, mice were randomly assigned by sex to one of
antidepressants have better antidepressant effects, although many hawe groups (N= 12 - 14), which received saline solution (S) or 30

fewer side effects (Barbui and Hotopf, 2001). mg/kg amitriptyline (A) for 21 days. The inhibitory avoidance task
was carried out 24 hours after the last injection. Each mouse was

Materials and methods individually introduced into the illuminated side of the avoidance

box and permitted to explore it for an adaptation period of 90
Animals seconds. The door between the compartments remained closed

during this period. The door was then removed and the mouse could
The experimental subjects were 51 male and 47 female CD#%tay in the light side for a maximum of 300 seconds. If it did not

mice (CRIFFA Leon France) of 42 days of age when arriving atenter the dark compartment in this time it was discarded, but if it
the laboratory. Animals of the same sex were grouped four by fouentered, an inescapable footshock of 0.7mA was delivered for 5
in standard plastic cages in a temperature-controlled room (21 + 8conds and it was immediately returned to its home cage. The
°C) with lights off 07:30-19:30. Food and water were availatle inhibitory avoidance test was carried out 24 hours later, using the
libitum. The mice were marked on their backs with indelible ink same procedure except that no shock was delivered. In both sessions,
(Gonzalo Zaragoza, S.L., Callosa de Segura, Alicante, Spain) fathe latencies of crossing were measured in 1/10 seconds. The
individual identification. Experiments were always carried out measure of the inhibitory avoidance was obtained by comparing the
during the dark phase. Experimental treatment and animal carperformance in the test session with that of the training session.
were always in accordance with the European Communities In Experiment 2, animals were randomly assigned by sex to

Council Directive of 24 November 1986 (86/609/EEC). one of two groups (saline, N= 13 - 16; amitriptyline, N= 8 - 10)
using the same denominations as in Experiment 1. They were also
Drugs subjected to the same treatments as in the previous experiment

except that the period between sessions was 22 days and the drug
Amitriptyline hydrochloride (Sigma-Aldrich Quimica, Madrid, administration began 24 hours after the training session and

Spain) was used diluted in saline solution (0.9 % NaCl). The micdinished 24 hours before the test session. Immediately after this
received vehicle or amitriptyline (30 mg/kg) in a volume of 0.01 last phase, the exploration of each animal in the elevated plus-
ml/g body weight. The dose was chosen on the base of its cleanaze was recorded for 5 minutes. Subsequently, the number of
effects found in previous studies, both with acute and chronientries onto open and closed arms (arm entry is defined as all four
administration (Arenas et al, 2006; Everss et al, 2005; Parra et ghaws entering an arm) was scored by a trained observer unaware
2002). This dose of amitriptyline is rather high, nevertheless it carof the treatment applied. This provided two independent measures
be found in the literature (e.g., Abe, Tabata, Saito, Matsuda, Babaf anxiety, i.e. the percentage of time spent in the open arms, and
and Egawa, 1996), and its equivalent dose for humans (Food arte percentage of open arm entries [(open/open + closed) X 100],
Drug Administration, 2005) is within the range of normal clinical as well as a measure of activity, i.e. the number of closed arm
use (Baldessarini, 2001). entries. The rationale to select these measures is found in File

(2001), Lister (1987) and Rodgers and Johnson (1995).
Apparatus

Data analysis

An inhibitory avoidance box for mice (Ugo Basile, Comerio-

Varese, Italy) was used in both experiments. The cage, made of As data from the inhibitory avoidance task did not fulfill the
Perspex sheets, was divided into two sections (bo#915x 16.5 criteria for normality and homogeneity, they were subjected to
cnf) separated by an automatic sliding door. There was a light (2éon-parametric Kruskal-Wallis analysis followed by Mann-
V, 10 W) in the ceiling of the starting side which was painted in Whitney U-tests. The Wilcoxon matched pairs test was carried out
white (light intensity of 290 Ix at floor level, measured with the to compare training versus test latencies in each group. Mann-
Panlux Electronic2 photometer of GOSSEN, Nurnberg, Germany)Whitney U-tests were used to compare the performance of
whereas the other side was black and always remained dark. Thedependent groups. The elevated plus-maze behaviors were
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analyzed separately with ANOVA, with Sex and Treatment asThe treatment did not produce significant differences in the
factors, and Newman-Keuls-tests were usegdst-hocanalyses.  performance of animals, although a tendency in the performance
All analyses were performed with the Statistica software packagepf females in the test session was observed, where the drug-treated

version 5.5 for Windows (StatSoft, Inc., 2000). mice showed shorter latencies than controls (U= 41.00; p= 0.07).
Neither were significant differences found when comparing males
Results and females of the same drug condition (see figure 1).
Experiment 1: Chronic pre-training treatment Experiment 2: Chronic post-training treatment

Saline males showed inhibitory avoidance, i.e. test latencies All groups increased their test latencies in comparison with
higher than training latencies (T= 4.00; p<0.01), but this was notheir training latencies: males S (T= 1.00; p<0.001), males A (T=
found in the males treated with amitriptyline (T= 39.00; p>0.05).1.00; p<0.02), females S (T= 6.00; p<0.01), and females A (T=
Both saline and amitriptyline-treated females presented inhibitory2.00; p<0.01). No comparison with Treatment or Sex involved
avoidance (T= 5.00; p<0.01; and T= 10.00; p<0.03, respectively)was statistically significant (see figure 2).
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Figure 1. Effects of chronic administration of amitriptyline (30 mg/kg) before the training phase of an inhibitory avoidance taskardafixpressed as
medians (z interquartile range). S: saline, A: amitriptyline. *p<0.03, **p<0.01 vs. training
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Figure 2. Effects of chronic administration of amitriptyline (30 mg/kg) between training and test phases of an inhibitory avoidaivefutsskre ex-
pressed as medians (+ interquartile range). S: saline, A: amitriptyline. *p<0.02, **p<0.01, ***p<0.001 vs. training
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In the elevated plus-maze, all female groups remained a lowerepeatedly been found that a drug has a behavioral effect on males
percentage of time than males on the open arms [F(1, 42)= 5.3But not on females, or if an effect is observed it is less pronounced.
p<0.02], and neither the factor Treatment nor Sex X Treatmenfhis observation has been found in experiments using different
interaction were statistically significant [F(1, 42)= 0.26; p>0.05, drugs and different behavioral tests (Everss et al, 2005; Monle6n et
and F(1, 42)= 1.68; p>0.05, respectively]. The females showed al, 2002; Parra et al, 1999; Vinader-Caerols, Ferrer-Afid, Arenas,
tendency to enter the open arms less than the males [F(1, 42Monle6n and Parra, 2002). Given the variety of neurotransmitters
3.60; p= 0.06], and again neither the factor Treatment nor Sex Xand brain structures involved, it seems simpler to think of a
Treatment interaction were statistically significant [F(1, 42)= 0.27;common peripheral reason to explain the differences. This reason
p>0.05]. When the number of entries in the closed arms wereould be based on the existence of sex differences in mice in the
analyzed, factors did not present statistically significanthepatic enzymes which metabolize the drugs, specifically, the
differences either [Sex: F(1, 42)= 0.13; p>0.05; Treatment: F(1enzymatic activity is 40-100% higher in females than in males
42)=0.42; p>0.05; and Sex X Treatment: F(1, 42)= 0.28; p>0.05](Shapiro, Agrawal and Pampori, 1995), which would give rise to a

poorer availability of the drug in the central nervous system of the
Discussion females in comparison to the males. Whatever the case, our results
emphasize the importance of including females in animal studies,

In Experiment 1, chronic administration of amitriptyline before as well as keeping in mind the factor of gender when personalizing
the training phase blocked the learning of inhibitory avoidance in thelinical pharmacological treatment, especially since in humans,
male mice but did not have such an effect on the females, in whicgender differences have also been described in the
only a statistical tendency in the reduction of latency was observegharmacokinetics of many psychoactive drugs, among them
in the test phase but without blocking learning. These results are iantidepressants (Frackiewicz, Sramek and Cutler, 2000). However,
agreement with those obtained by Everss et al (2005), except wittvhen extrapolating results obtained in mice to humans, not only the
regards the females, which in this case also presented clear effectss#fx differences must be taken into account but also the
amitriptyline. In Experiment 2, in which the pharmacological pharmacokinetic differences between species (Lin, 1995).
treatment was administered once the phase of consolidation of the Sex differences in the behavioral effect of drugs must be
memory was over (Izquierdo and Medina, 1997), no effect wasanalyzed taking into account that there may be a difference in the
observed either in males or females. This difference in resultbehavior of control animals, as is the case sometimes found in
between Experiments 1 and 2 constitutes the main finding of thenhibitory avoidance (e.g., Monle6n et al, 2002), and continuously
present study, i.e. the effect of amitriptyline on inhibitory avoidancein the Morris water maze (e.g., Cimadevilla, Conejo, Miranda and
seems to be related to the processes of acquisition and consolidatiémias, 2004; Vinader-Caerols et al, 2002), although in the present
of memory (the procedure used here does not permit the distinctiostudy there were no sex differences in control animals.
between these two moments in the memory formation) and does not There was no drug effect on performance in the plus maze,
affect the recuperation if treatment begins once the consolidation haghich leads one to believe that after 21 days of administration of
ended. This lack of effect on retention is similar to that found, in theamitriptyline, its effects on learning observed in Experiment 1 are
same behavioral context, with the antidepressant fluoxetine, aot influenced by its effects on anxiety or spontaneous locomotor
selective inhibitor of serotonin reuptake (Monledn, Urquiza, Arenasactivity. Parra et al (2002) found that there were no acute effects
Vinader-Caerols and Parra, 2002). of amitriptyline on anxiety but there was a dose-dependant

It is precisely this inhibition of the reuptake of serotonin, reduction in activity. In the present study, the absence of effects on
resulting in an increase in serotonin in the synapse, which is thactivity could be explained by the possible tolerance developed
mechanism of action that is shared by amitriptyline and fluoxetineafter chronic administration. Furthermore, the current results
This action could be physiologically responsible for the behavioralreplicate those obtained with the same drug and dose, as well as
effect of the drug observed in Experiment 1. Data which otherthe same apparatus, by Everss et al (2005).
authors have found with microinfusions of substances (agonists, The absence of tolerance in the effect of amitriptyline on
antagonists or neurotransmitters) in the hippocampus and imhibitory avoidance is interesting in the search for the mechanism
structures closely related to it support the idea that serotoniof therapeutic action of antidepressants. This action does not present
interferes with the formation of the long term memory of tolerance, while the side effects tend to disappear or diminish their
inhibitory avoidance (Izquierdo and Medina, 1997; Izquierdo et al,intensity (Baldessarini, 2001). The animal models of the action of
1998). The other mechanisms of action of the non selective drugantidepressants in which tolerance is observed should be avoided.
amitriptyline, are not the same or at least not to a degree that is In summary, chronic administration of amitriptyline has a
thought important as those of fluoxetine, which is considered to beleteriorating effect on inhibitory avoidance in male mice, while
selective. However, in the present stage of our investigation, ithe effect is slighter in females. Amitriptyline exerts its effect
cannot be ruled out that other mechanisms of action ofwhen administered before the acquisition and consolidation of the
amitriptyline may be implicated in the effects observed, especiallynemory but not when these have concluded. It does not present
its anticholinergic and antihistaminergic actions. There are manyolerance and it seems to be independent of the unspecific effects
references dealing with the impairing effect of anticholinergic on anxiety and activity.
drugs on memory (e.g., Gold, 2003), and to the modulating role of

histamine, which enhances or worsens the memory depending on Acknowledgements
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