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Delayed effects of antidepressant drugs in rats
Maciej Kuśmider, Agata Faron-Górecka and Marta Dziedzicka-Wasylewska

The present study has addressed the question of what is

more important for the occurrence of adaptive changes

observed in the organism treated with antidepressant

drugs: a daily dosing of the drug or the period of time

necessary for the plastic events to develop. Here, we report

on the effects of desipramine given to rats acutely (and

tested following 2 drug-free weeks) as when the drug was

administered repeatedly, on behavior in the forced swim

test (i.e. significant shortening of immobility time by ca.

60%) and on the binding of [3H]CGP12177 to b-adrenergic

receptors in the rat brain cortex (significant decrease of the

binding by ca. 15%). Additionally, using the procedure of

the repeated forced swim test (six times over 21 days), we

show that the shortening of immobility time induced by a

single dose of imipramine persisted throughout the whole

experimental period and was similar to that seen in a group

of animals treated repeatedly with the drug. Also, the

effects of citalopram on immobility and climbing were

similar after acute treatment and delayed testing to those

seen after repeated drug exposure. The results obtained in

the present study may question some conclusions that are

usually drawn from the behavioral and, especially,

biochemical studies concerning the need for repeated

treatment with antidepressant drugs to induce various

adaptive changes in the brain, which are thought to be

responsible for the therapeutic efficacy of these

drugs. Behavioural Pharmacology 17:641–649 �c 2006

Lippincott Williams & Wilkins.
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Introduction
Depression is a clinically and biologically heterogeneous

disorder, manifested at psychological, behavioral and

physiological levels, and not easy to mimic in laboratory

animals. The mechanism of action of antidepressant

drugs (ADs) is not fully understood, despite the well-

known pharmacological effects of acute administration of

these drugs. ADs, however, need to be administered for a

few weeks [or at least as has been recently shown by Katz

et al. (2004) for a few days] to achieve therapeutic

efficacy. It has been widely accepted that perturbed

monoaminergic transmission is causally implicated in

depressive states (Blier, 2003; Manji et al., 2003). A

plethora of experimental data, as well as monoamine

depletion studies in patients, have convincingly demon-

strated the importance of functionally competent mono-

aminergic pathways for combating depressive states, and

all currently used treatments of depression restore the

activity of monoaminergic pathways (Delgado, 2000;

Pacher et al., 2001; Millan, 2004). The temporal mismatch

between the rapid elevations in extracellular levels of

monoamines induced by ADs and their slow onset of

action reflects the initiation of adaptive changes, starting

as alterations in receptor density and intracellular

signaling, and changes in synaptic transmission, which

in turn lead to phosphorylation of transcription factors

and ultimately to changes in gene expression, modifica-

tion of neuronal architecture and neurogenesis (Duman

et al., 1997; Kempermann and Kronenberg, 2003; Holou-

bek et al., 2004).

In preclinical research, the ADs are typically adminis-

tered to laboratory animals (mainly rodents) and then the

behavioral and biochemical alterations are assessed in

comparison with a vehicle-receiving group. Some of these

changes have been postulated to be important for

antidepressant action. Among them, the downregulation

of b-adrenergic receptor (b-AR) density and the desensi-

tization of b-AR coupled with adenylate cyclase system

observed in the frontal cortex and/or hippocampus

following repeated administration of ADs (Sulser et al.,
1978) are widely accepted as a common biochemical

effect of chronic treatment with ADs. Of all the

behavioral procedures used in preclinical research of

depression, the forced swim test (FST) is the most

widely used (Lucki, 1997; Porsolt, 2000; Cryan et al.,
2002). Although this test can by no means be regarded as

a rodent model of human depression, it certainly is – as

Cryan et al. (2005) have stated recently – ‘an objective

marker for a behavioral state associated with depression’.

The test is based on the observation that rodents,

following initial escape-oriented movements, develop an
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immobile posture in an inescapable cylinder filled

with water. Following antidepressant administration, the

animals will actively persist engaging in escape-oriented

behaviors for a longer time than after vehicle treatment.

The FST detects the antidepressant-like effects of drugs

after acute administration (typically three doses in rats),

although the same shortening of immobility time is

observed following repeated treatment (Borsini and Meli,

1988). Out of various classes of ADs tested so far,

desipramine (DMI, a noradrenaline reuptake inhibitor),

administered in conventional way, appeared more effec-

tive following chronic treatment (Borsini and Meli, 1988).

More recently, Cryan et al. (2004) have shown that the

effects of antidepressants from different chemical classes

with distinct mechanisms of action were augmented

following chronic administration for 14 days (in compar-

ison with a 3-day treatment), especially when given at low

doses. Drug administration via osmotic minipump (in

contrast to conventional, peripheral administration),

however, was employed in that study.

The present study has addressed the question of what is

more important for the occurrence of the adaptive

changes observed in the organism treated with ADs: a

daily dosing of the drug or the period of time necessary

for the plastic events to develop. Chiodo and Antelman

(1980) were the first to investigate this question, on the

basis of their studies of the attenuation of the ability of

apomorphine to reduce the firing of the dopaminergic

neurons in the rat substantia nigra. Interestingly, the

effect was not only induced by repeated antidepressant

treatment, but also by a single dosing followed by drug-

free period. In line with these findings, we have shown, in

behavioral studies, that the subsensitivity of presynaptic

dopamine D2 receptors was observed not only after

repeated administration of various ADs, but also after a

single dose of these drugs followed by two drug-free

weeks (Dziedzicka-Wasylewska and Rogó(, 1997). Similar

effects were observed behaviorally at the level of a2-

adrenergic and dopamine D3 receptors (Dziedzicka-

Wasylewska et al., 1999). Antelman et al. (1997) later

coined the term ‘time-dependent sensitization’ to

describe effects that grow with the passage of time

following acute drug treatment or a single stressor.

Here, we report the effects of DMI given to rats acutely

and tested following two drug-free weeks, in comparison

with repeated administration, on the behavior in the FST

and on the binding of [3H]CGP12177 to b-AR in the

rat brain cortex. Additionally, we describe the effects

of a single dose of DMI, imipramine (IMI, a tricyclic

antidepressant with similar potency to block both

serotonin and noradrenaline transporters) and citalopram

(CIT, a selective serotonin reuptake inhibitor) over a 21-

day period when the animals were repeatedly examined

in the FST.

Methods

Subjects

The experiments were carried out on male Wistar rats, ca.

80 days old, weighing 220–230 g; after 21 days of repeated

drug administration, their weight increased to 280–320 g.

The animals had free access to food and water before

experiments and were kept at a constant room tempera-

ture (22 ± 11C), under a 12-h light/dark cycle (lights on

at 07.00 h). Experimental protocols were approved by the

local Ethics Committee and met the guidelines of the

responsible agency of the Institute of Pharmacology.

Drug administration

ADs were dissolved in saline and were administered

intraperitoneally (i.p.) once daily for the indicated time

periods. All animals were handled in the same manner.

Control animals received vehicle for the whole experi-

mental period, whereas repeatedly treated animals

received the appropriate drug. The animals treated

acutely with a drug received saline on all days following

the appropriate drug administration. Using this experi-

mental paradigm, we avoided the effect of the single i.p.

injection, which inevitably, as a stressful event for an

animal, might have masked or changed the actual effect

of acute administration of the studied drug. Moreover, all

groups of animals, treated acutely or repeatedly, were

taken for behavioral experimentation or decapitated for

biochemical assay at the same time.

Forced swim test

The FST was performed according to the original

procedure described by Porsolt et al. (1977, 1978). Rats

were placed in a cylinder (21 cm in diameter) filled with

water (23–251C) to a depth of 18 cm. To study the effects

of CIT, the FST was modified, according to Detke and

Lucki (1996). Namely, the cylinders were filled with

greater water depth (30 cm) and other parameters, in

addition to immobility, were estimated (climbing and

swimming).

During the initial session, the rats were forced to swim for

15 min. Then, they were removed from water, dried with

towels and placed in a warm enclosure, and later returned

to their home cages. Each cylinder was emptied, cleaned

and refilled with fresh water, before the next rat was

placed in. This pretest was performed at the beginning of

experiment 1 or 2 described below, before the adminis-

tration of drugs.

Experiment 1

The rats were divided into groups, each of which

consisted of eight animals. All were treated daily with

i.p. injections. Two control groups received saline, the

chronically treated group was given DMI (15 mg/kg) for

13 days and the ‘withdrawn’ group received a single dose

of DMI (15 mg/kg) followed by 12 saline injections
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(a better description of that experimental situation would

be ‘post-withdrawal DMI challenge’ but for the sake of

simplicity we use the term ‘withdrawal’). At the end of

the experiment, ‘chronic’, ‘withdrawn’ and one of

‘control’ groups were tested with the usual FST

procedure; that is, rats were treated with three doses of

DMI (10 mg/kg) at 24 (day 14), 5 and 1 h (day 15) before

the test. The remaining control group received saline at

the same time points. The table below presents the

details of the treatment.

1 2 3 y 12 13 14/15 15

Control Sal Sal Sal Sal Sal Sal 24,5,1 h sal FST
Acute Sal Sal Sal Sal Sal Sal 24,5,1 h DMI 10 mg/kg
Chronic DMI DMI DMI DMI DMI DMI
Withdrawn DMI Sal Sal Sal Sal Sal

Immobility was defined as cessation of limb move-

ments, except minor movements necessary to keep the

rat afloat. Immobility was measured during the 5-min

session by a highly experienced observer.

Experiment 2

In this experiment, the effects of three drugs, DMI

(15 mg/kg), IMI (15 mg/kg) and CIT (15 mg/kg), were

studied over a period of 21 days. All animals were

subjected to the pretest procedure of the FST as

described above, then they were divided into groups.

There were two groups of animals for each drug: one

group treated acutely (i.p.) on day 1, followed by daily

saline injections (‘withdrawn’) and the other group

treated repeatedly with the appropriate drug (‘chronic’).

Control groups received daily saline injections. Each

animal was subjected repeatedly to the FST, starting 5 h

after the first injection. The next swimming session was

after 24 h (and 5 h after the morning injections), and then

on days 4, 7, 14 and 21. The timing of the experiment was

held in such a manner that the swimming session was

always 5 h after the injection of saline or the appropriate

drug. These animals were not taken for biochemical

assessments. The table below presents the details of the

treatment.

1 2 3 4 y

Control Sal FST Sal FST Sal Sal FST Sal
Chronic Drug Drug Drug drug Drug
Withdrawn Drug Sal Sal Sal Sal

7 y 14 y 21
Control Sal Chronic Sal Sal FST Sal Sal FST
Withdrawn Drug Drug Drug Drug Drug
FST Sal Sal Sal Sal Sal

For rats treated with IMI or DMI, immobility was

defined as a cessation of limb movements, except for

minor movements necessary to keep the rat afloat.

Immobility was measured during the 5-min session by a

highly experienced observer. As these two drugs are

widely studied using the conventional FST procedure, we

applied that procedure, so as to compare the obtained

results with the data published so far.

On the other hand, for rats treated with CIT, a

modified FST procedure was used, as selective serotonin

reuptake inhibitors do not work in the FST performed in

the conventional manner. Animals were forced to swim in

the same opaque cylinders (21 cm in diameter) but filled

with water (23–251C) to a 30-cm depth. Each cylinder

was emptied, cleaned and refilled with fresh water, before

the next rat was placed in. The behavior of animals was

videotaped using a videocamera placed above the

cylinders. The quantification was by means of behavioral

sampling; that is, the 5 min test session was divided into

60 5-s intervals. An experienced observer categorized the

period as climbing, swimming or immobility on the basis

of activity predominant in each interval.

Autoradiography of beta-adrenergic receptors

The rats tested in FST in experiment 1 were used for

biochemical experiment. They were killed 24 h after the

FST. An additional group of animals received daily injections

of saline, but was not subjected to the FST. Brains used for

autoradiographic analysis were rapidly dissected and frozen

by immersion in cold heptane in a dry-ice bath and stored at

– 701C until sectioned. Consecutive coronal sections

(12-mm) were cut at – 201C using Jung CM 3000 cryostat

(Leica, Wetzlar, Germany). The identification and nomen-

clature of the brain structures were based on the Paxinos

and Watson Rat Brain Atlas (1998).

The slices were sectioned and thaw-mounted on

gelatin-coated glass microscope slides. They were stored

at – 701C. Just before using, the slide-mounted sections

were dried at room temperature. For b-AR binding,

the incubations were conducted at 251C for 60 min

in 50 mmol/l Tris-HCl buffer (pH 7.4) containing

120 mmol/l NaCl and 5 mmol/l KCl with 4 nmol/l of the

b-adrenergic ligand [3H]CGP12177 (specific activity:

42.5 Ci/mmol; Du Pont, Boston, Massachusetts, USA).

Propranolol (5mmol/l; Sigma, St Louis, Missouri, USA)

was used to determine nonspecific labeling. Dried tissue

sections were exposed for 5 days to tritium-sensitive

screens (FujiFilm, Düsseldorf, Germany) along with

[3H]microscales (Amersham, Illinois, USA) as a standard.

The images were obtained by means of a FujiFilm BAS

5000 Phosphorimager. They were analyzed using FujiFilm

software (Image Gauge, Version 4.0, FujiFilm, Tokyo,

Japan). The relative optical densities of structures from

sections showing nonspecific binding were subtracted

from the same regions of adjacent sections with total

binding. After calibration by computer-generated curves

derived from the standards, the results are expressed as

fmol of bound radioligand per milligram of wet tissue.
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Drugs

DMI was from Sigma, and IMI from Pliva (Kraków,

Poland). CIT was provided by Lundbeck (Copenhagen,

Denmark). The doses of DMI and IMI were chosen on

the basis of previous reports (Rogó( et al., 2002; Mague et
al., 2003); the dose of CIT was justified by our own dose–

response studies (data not shown).

Statistics

Data obtained in multiple FST experiments were

analyzed by two-way analysis of variance (ANOVA) with

repeated measures for behavior on different days. To

compare groups, least significant difference post-hoc

tests were performed. In cases in which the two-way

ANOVA showed a significant interaction, data were

separated into time points and analyzed with one-way

ANOVA followed by Tukey’s test for comparison of all

pairs of groups when appropriate. Biochemical data were

analyzed by one-way ANOVA, followed by Tukey’s test.

Effects were considered significant when P < 0.05.

Results

Forced swim test: experiment 1

The effects of DMI in the FST are shown in Fig. 1.

Significant differences between groups were found

[F(3,25) = 18.45; P < 0.001]. As expected, DMI admin-

istered in conventional manner, that is, three times (24, 5

and 1 h before the test) at a dose of 10 mg/kg, i.p.

(‘acute’), shortened the immobility time by ca. 30% in

comparison with the control group, receiving saline

(P < 0.01).

When DMI (15 mg/kg, i.p.) was administered repeatedly

for 13 days (‘chronic’) followed by three doses of the drug

necessary to evoke the behavioral reaction in the FST, the

shortening in immobility time was significantly greater

(P < 0.01), and the reduction reached ca. 60% of the

control (P < 0.001). A very similar reduction in immobi-

lity time was observed in animals treated repeatedly with

DMI for 14 days, followed by the FST performed 5 h after

the last dose of the drug, that is, without additional

dosing as in conventional FST (data not shown).

Rats treated acutely with DMI (15 mg/kg, i.p.) on day 1,

receiving daily saline injections afterwards (‘withdrawn’)

and then treated with three doses of DMI (10 mg/kg, i.p.)

at 24, 5 and 1 h before the FST behaved almost identical

to the group treated repeatedly with DMI (P < 0.001 vs.

control, P < 0.01 vs. ‘acute’).

Forced swim test: experiment 2

Animals were treated either acutely (on day 1, then

‘withdrawn’) or repeatedly for 21 days with one of three

ADs. All of them were subjected to six swimming sessions

throughout the 21 days of experiment, always 5 h after

the administration of the drug or saline: on days 1, 2, 4, 7,

14 and 21.

In animals receiving DMI, two-way ANOVA indicated a

significant treatment�time interaction [F(10,85) = 2.06;

P < 0.05]. Further analysis using one-way ANOVA

for each time point showed that there were signifi-

cant differences between groups at all time points

[F(2,21) = 6.02–10.02; P < 0.01–0.001], except for 24 h

[F(2,21) = 3.045; P = 0.069]. DMI administered chroni-

cally, reduced the immobility time of the rats during the

entire duration of the experiment (Fig. 2).

Rats treated with a single dose of DMI on day 1 (then

‘withdrawn’) showed immobility times intermediate

between control and chronically treated groups during

the successive days of the experiment. On the first day,

the immobility time was the same in both groups (both

groups received the same treatment on day 1). The

values began to differ statistically after the 14th day of

the experiment.

The effect of a single dose of DMI observed on day 14 in

this experiment was weaker than in experiment 1. Two

differences between these experiments, however, must

be underlined; in experiment 2, the same rats were

subjected repeatedly to the swimming sessions, and in

the experiment they did not receive additional injections

of the drug to strengthen the behavioral reaction in the

FST.

For IMI, two-way ANOVA showed significant effects of

treatment [F(2,75) = 5.37; P < 0.02] and time [F(5,75) =

Fig. 1
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Effect of desipramine (DMI) administered acutely (three doses),
chronically or once at the beginning of the experiment (then followed by
12 saline injections on consecutive days, designated ‘withdrawn’),
according to the procedure described for experiment 1, on immobility
time in the FST in rats. The results are the means ± SEM, n = 7–8 rats
per group. The statistical significance was calculated using one-way
analysis of variance followed by Tukey’s test. **P < 0.01, ***P < 0.001
vs. control; ##P < 0.01 vs. acutely treated group.
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2.76; P < 0.025], with no significant interaction. On day 1,

both groups of experimental animals received the first dose

of IMI, which induced a significant reduction in immobility

time. This effect did not change significantly throughout

the 21 days of the experiment, no matter whether the

animals received additional doses of IMI or only saline.

Therefore, repeated administration of IMI did not produce

a stronger effect in the FST than the acute treatment. It

must be pointed out that even the single dose of the drug,

however, was sufficient for shortening the immobility

time and this effect was stable for the next drug-free days

(Fig. 3).

The effect of CITwas measured using the modified FST;

that is, the depth of water was greater, which produced

lower baseline values of immobility (Fig. 4a). Additionally,

two other parameters of activity, that is, climbing

and swimming were measured. As two-way ANOVA

indicated a significant treatment� time interaction

[F(10,145) = 2.64; P < 0.01], each time point was

examined by one-way ANOVA with post-hoc Tukey’s

test when appropriate.

ANOVA concerning the immobility time indicated signifi-

cant differences on day 4 [F(2,45) = 4.7; P < 0.02], day 7

[F(2,45) = 4.01; P < 0.025] and day 21 [F(2,45) = 9.46;

P < 0.001]. The decrease in immobility time was the

highest in the group that received the drug on the first day

and then received saline for the remainder of the

experiment (‘withdrawn’). Repeated treatment with CIT

decreased immobility time depending on the number of the

doses, with the effect starting to be significant on

day 21.

ANOVA for data concerning the swimming parameter

also showed differences between groups on day 4

[F(2,45) = 8.67; P < 0.001], day 7 [F(2,45) = 5.06;

P < 0.02 and day 21 [F(2,45) = 6.78; P < 0.01]. Similar

to the immobility time, the effect was observed earlier in

the ‘withdrawn’ group (on day 4) (Fig. 4c).

Although, for climbing, two-way ANOVA indicated a

significant effect of time [F(5,145) = 3.97; P < 0.005], no

significant effect of treatment and no significant interac-

tion, post-hoc tests did not show particular differences

(Fig. 4b).

Binding of [3H]CGP12177 to cortical beta-adrenergic

receptors

The brains for autoradiographic analysis were taken from

the rats examined in the FST in experiment 1.

Additionally, there was a control group of animals treated

repeatedly with saline but not tested in the FST.

Cortical b-ARs labeled with [3H]CGP12177 were rather

homogeneously distributed in different areas of the

cortex; however, average binding was higher in the

superficial layer (layers I–II) than in the deep layers of

the cortex (layers III–V) (Fig. 5a).

Fig. 2
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**P < 0.01 vs. control.
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ANOVA indicated differences between groups concern-

ing either the superficial or the deep layers of the cortex

[F(4,30) = 9.84; P < 0.001; F(4,31) = 7.82; P < 0.001,

respectively]. The procedure of the FST itself did not

change the binding of [3H]CGP12177 in the cortex, as

shown in Fig. 5b and c. In addition, there was no change

in the binding of [3H]CGP12177 in the brain cortex of

rats treated with three doses of DMI (i.e. doses necessary

to evoke the reaction in the FST).

Therefore, significant downregulation of b-ARs observed

in the brain cortex of rats treated repeatedly with DMI

and subjected to the FST (Fig. 5) can be regarded as an

effect of the drug itself rather than the FST.

Surprisingly, similar downregulation of b-ARs was ob-

served in the group of rats treated with the single dose of

DMI on day 1, followed by daily injections of saline

(‘withdrawn’), and treated with three doses of DMI

before the FST at the end of the experiment (Fig. 5).

Discussion
Inspired by the work of Antelman et al., which concerned

the delayed effects of ADs (Antelman et al., 1997, 2000;

Antelman and Gershon, 1998), we decided to address the

issue of what is more important for the adaptive changes

observed in the organism treated with these drugs: a daily

dosing of the drug or the time lag following a single drug

administration. To study this phenomenon, the FST was

chosen as the procedure, as it is most frequently used in

preclinical depression research. When the behavioral

experiment was conducted in a conventional way; that

is (after pretreatment), when the animals were subjected

to the FSTonce at the end of the experiment, the results

obtained clearly showed that the single administration of

the drug (DMI) was able to induce behavioral changes

identical to the changes observed after chronic adminis-

tration. To induce the typical shortening of immobility

time in the FST, all animals were treated with three doses

of the drug immediately before testing; however, the

shortening of immobility time in the group which was

treated with a single dose of DMI on day 1 and then

subjected to ‘post-withdrawal DMI challenge’, it was

significantly greater than that observed in the group not

subjected to such ‘priming’. This result indicates that a

single dose of DMI followed by 12 drug-free days was

sufficient to trigger adaptive changes in the experimental

animals similar to that with repeated daily treatment with

this drug.

The same pattern of alterations was observed in these

animals at the biochemical level, that is, in the brain b-AR

density. A significant decrease in [3H]CGP12177 binding

to b-AR was observed in both cortical areas in the group

of animals treated chronically with DMI, and also in the

group treated acutely with that drug, but only when this

Fig. 4
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time point, followed by Tukey’s test. *P < 0.05, **P < 0.01 vs. control.
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treatment was followed by several drug-free days.

Although there are reports showing b-AR downregulation

induced by a combination of acute treatment with DMI

and FST (Duncan et al., 1985; Wędzony et al., 1995), we

did not observe such an effect in the present study.

Methodological differences might underlie this discre-

pancy. Similarly, in our earlier studies (Dziedzicka-

Wasylewska et al., 1999) with conventional saturation

analysis with [3H]CGP12177, we observed statistically

significant changes in the density and affinity of the b-AR

in the rat brain cortex only in a group of animals treated

repeatedly with an antidepressant (IMI).

The results discussed above justify the conclusion that

acute treatment with ADs might be sufficient to trigger

the cascade of events leading to the altered biosynthesis

as well as the functioning of brain receptors.

Investigations of the long-term effects of antidepressant

treatment showed changes in the density and function of

monoaminergic receptors, in both experimental animals

and depressed patients. Therefore, it has been suggested

that the acute increase in the synaptic levels of

monoamines may only be an early step in a potentially

complex cascade of events that ultimately results in

antidepressant efficacy (Pineyro and Blier, 1999; Blier,

2001, 2003; Elhwnegi, 2004; Millan, 2004).

From some studies conducted so far, it may be concluded

that such an acute increase in the synaptic concentration

of amines may be sufficient to begin the biochemical

changes without the need of successive daily drug

treatment. For example, some of our previous behavioral

and biochemical studies have shown that the effects

of acute treatment with ADs on a2-adrenoceptors as

well as presynaptic dopamine D2 and D3 receptors

(Dziedzicka-Wasylewska, 1997; Dziedzicka-Wasylewska

and Rogó(, 1997; Dziedzicka-Wasylewska et al., 1999),

measured 14 days after drug administration, were

similar to (and in some cases stronger than) the

effects induced by repeated administration of these

drugs. There are also other published data showing the

delayed effects of acute ADs administration (Antelman

et al., 1983; Lace and Antelman, 1983; Stewart and

Rajabi, 1996).

Although difficult to comprehend, these results might be

compared with the results of studies concerning long-

lasting changes in the hypothalamus–pituitary–adrenal

axis after a single session of stress, which also appear to

mature with time (Van Dijken et al., 1993; Schmidt et al.,
1995, 1996), and, in some aspects, are similar to those

observed after chronic repeated stress (De Goeij et al.,
1991, 1992a, b; Aubry et al., 1999). On the other hand, the

same mechanism might be postulated for sensitization to

a stressor and episode sensitization, which may leave
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chronically or once at the beginning of the experiment and then
following 12 saline injections on consecutive days (withdrawn),
according to the procedure described for experiment 1, on
[3H]CGP12177 binding in the deep (b) and the superficial (c) layers of
the rat cortex. The additional control group was not subjected to the
forced swim test, although was treated for the whole experimental
period with saline. Results represent the means ± SEM, n = 7–8 rats
per group. The statistical significance was calculated using one-way
analysis of variance followed by Tukey’s test. *P < 0.05, **P < 0.01,
***P < 0.001 vs. control. Representative autoradiogram of
[3H]CGP12177 binding has been shown on panel (a).
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residual traces and produce vulnerability to recurrence of

an affective illness (Duman et al., 1994; Kendler et al.,
2001), as it is well established that affective disorders

develop gradually (Post, 1992). They are triggered by

stressful stimuli, which stimulate various neurotransmit-

ter receptors, activating second and third messengers,

leading to long-lasting changes in gene expression.

Still, the question of when ADs begin to alleviate

depressive symptomatology is very difficult to answer.

Using the procedure of the repeated FST, we attempted

to address this issue. It should be, however, underlined

that, apart from serving as a procedure for testing the

effects of ADs, forced swimming is a stressful situation of

a mixed psychological (novelty, water) and physiological

(exercise, temperature) nature. Dal-Zotto et al. (2000)

reported that repeated experience with swimming

reduced struggling and increased immobility. We did

not observe any statistically significant alterations in the

behavior of control animals upon repeated exposure to

the FST, but rats in our experiments were forced to

swim six times over a period of 21 days, and in

experiments described by Dal-Zotto et al. (2000), the

rats were forced to swim every day for consecutive 14

days. Therefore, the experimental schedule – apart from

different rat strains used in the two studies (Wistar vs.

Sprague–Dawley) – might be a reason for the observed

differences.

The effect of a single dose of antidepressant drugs was

similar to the effect of repeated dosing of the drug. This

effect of IMI persisted throughout the whole experi-

mental period. As for CIT, its influence specifically on

immobility and climbing was similar after acute treat-

ment and delayed testing to the effects seen after

repeated drug exposure. Acute treatment with DMI did

not induce an effect similar to that of repeated treatment

throughout the whole period of experiment 2. In

experiment 1, however, when an additional dosing of

the drug was introduced before the swimming session,

the shortening of immobility time was almost identical in

both chronically treated and ‘withdrawn’ groups of

animals.

The FST is by no means a model of depressive illness, nor

does the repeated FST model the process of recovery, but

it is used only to detect the antidepressant-like effects of

drugs. Our results obtained with this test indicate that

even a single dose of an antidepressant is sufficient to

trigger changes similar to those observed upon repeated

treatment. If at all these changes are present, they start

to be significant relatively early. These results might be

regarded as an analogy to the recent clinical data reported

by Katz et al. (2004), who have shown early drug-specific

behavioral changes in depressive patients, which were

highly predictive of ultimate clinical response.

On the other hand, the results obtained in the present

study may question some conclusions that are usually

drawn from the behavioral and especially biochemical

studies concerning the need for repeated treatment with

antidepressant drugs to induce various adaptive changes

in the brain, thought responsible for therapeutic efficacy

of these drugs. If ADs efficacy does not require repeated

treatment, but if the same effects are produced by just a

single dose of the drug, followed by a certain drug-free

period of time, then we should correct our understanding

of the mechanism of action of ADs.
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