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Abstract

Aim of the present study was to evaluate the effects of physical stressors (electric foot-shocks) on effect of the antidepressant drug,
clomipramine and plasma corticosterone levels in male and female rats tested in a model of behavioral despair (forced swim test,). Male and
female rats of the Wistar strain were injected with clomipramine (50 mg/kg, i.p.) or saline. A group of animals also received electric shocks of
different intensity and duration of 24, 5 and 1 h before being subjected to forced swim test. At the end of behavioral procedures, vaginal
smears were assessed in all female animals and data on immobility time were plotted according to the ovarian cycle phase. After decapitation,
corticosterone plasma levels were measured by radioimmunoassay in both male and female rats. Application of mild shocks (5 ms, 0.1 mA)
significantly reduced immobility time in forced swim test of untreated male rats and augmented clomipramine effect on this parameter.
Moderate shocks of higher intensity or duration (5 ms, 1.0 mA) also resulted in decreased immobility time of untreated male rats, but in
reduced effect of clomipramine treatment. Furthermore, application of severe shocks (10 ms, 1.0 mA) increased the immobility time in
untreated animals and totally abolished clomipramine effect in forced swim test. Untreated non-shocked female rats in proestrous and estrous
phases exhibited a longer immobility time as compared to diestrous animals. Immobility time appeared to be generally higher when mild,
moderate or severe shocks were applied prior to behavioral testing in proestrous and estrous animals, while the behavioral response of
diestrous and metestrous animals did not differ from that of controls. Clomipramine effect on immobility time was generally reduced by
application of shocks of every strengths. Stress-induced plasma corticosterone levels surge correlated with intensity and duration of shocks in
both male and female rats, but clomipramine treatment generally blunted the hormonal response. However, severe shocks were followed by a
surge of plasma corticosterone levels in both male and female clomipramine-treated rats.

These results demonstrate that duration and intensity of stressful stimuli may deeply affect the behavioral response of rats in forced swim
test and influence clomipramine effect in this behavioral model depending on gender-based variables, probably of the hormonal type. Plasma
corticosterone levels correlate with the behavioral response to clomipramine treatment suggesting that reactivity of hypothalamus—pituitary—
adrenal axis to stress may be involved in the antidepressant effect of this drug.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction for depression can include, in fact, stressful life events in the

period leading up to the depressive episode. Depressive

It is widely accepted that stress may be involved in the
clinical manifestation of depression (Paykel, 1978; Checkley,
1992; Stout and Nemeroff, 1994; Mazure, 1995). Risk factors
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people have frequently a great number of these events leading
up to the psychic disorder (Andrews and Tennant, 1978;
Faravelli et al., 1986; Paykel, 2001; Tennant, 2002).
Furthermore, it is well known that women are more
susceptible to depression than men (Piccinelli and Wilkinson,
2000; Bogner and Gallo, 2004; Goodwin and Gotlib, 2004).
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Despite of this clinical evidence, however, experimental
models of depression are currently not taking care of the
possible influence of pre-training stress on the depressive
response of animals, and of the gender-based differences in
this response. Besides, literature is very poor of studies on the
influence of manipulation, drug injection procedure or other
kind of psychic or physic stressors on the behavioral response
of animals in experimental models of depression. For
example, repeated saline injection may induce a depressive-
like state in rats, which is counteracted by the antidepressant
drug, imipramine (Izumi et al., 1997). Furthermore, subcu-
taneous saline injections per se may affect the response of rats
(Drago et al., 2001) in a commonly used experimental model
of behavioral despair, the forced swim test. Indeed, the
efficacy of antidepressant drugs in experimental model of
depression may be deeply influenced by application of
different kinds of stressor prior to behavioral testing.

Stress can influence central nervous system (CNS)
functions by complex neuro-hormonal changes. Among
them, activation of the hypothalamus—pituitary—adrenal
axis and catecholamines release from adrenal medulla are
the fundamentals for the adaptive response (Weiss et al.,
1970). It is also known that other hormonal mediators are
involved in the response to stress (Sandman et al., 1973;
Krulich et al., 1974; Brennan et al., 1975; Guillemin et al.,
1977; Drago, 1990). The stress system orchestrates body and
brain responses to the environment with two modes of
operation, the first being involved in acute response to
stressor and the second facilitating behavioral adaptation (De
Kloet, 2003). Corticosteroid hormones are implicated in both
modes through their high affinity mineralocorticoid receptors
and lower affinity glucocorticoid receptors. Imbalance
induced by chronic stress in the two system modes changes
specific neural signaling pathways underlying psychic
domains of behavior, including mood (De Kloet, 2003).
Besides, changes of the hypothalamus—adrenal axis hor-
mones have been described in depressed patients (Seckl et al.,
1990; Gehris et al., 1991). The reduced negative feedback
response to exogenous glucocorticoids is one of the most
consistent findings, and is characterized by the failure in
suppression of plasma cortisol levels following administra-
tion of synthetic glucocorticoid, dexamethason (Carroll et al.,
1981; Kalin et al., 1982; Holsboer, 1983). Hypersecretion of
basal cortisol (Carroll et al., 1976) and augmented adrenal
weight (Rubin et al., 1995) are also observed.

In stress-related animal models of depression, antide-
pressant treatment not only reduces the depressive-like
behavior (Porsolt et al., 1977) but also counteracts stress-
induced hormonal changes. In particular, the antidepressant
drug, clomipramine counteracts stress-induced surge of
corticosterone plasma levels (Fuchs et al., 1996) and
variation in CNS neurotransmitter metabolites (Van der
Hart et al., 2002). However, it is not known whether and
in which extent stressors of different strength might
influence the response of animals and the effect of
antidepressant drugs in experimental models of depression.

Based on the above rationale, the present study was
performed for evaluating the influence of different strength
stressors on clomipramine effect assessed in forced swim test
and its possible correlation with corticosterone response in
both male and female rats. Among various experimental
models, the forced swim test was selected as judged to highly
fulfill face, construct and predictive criteria established for
experimental models of mental diseases and is widely used
for pre-clinical studies on novel antidepressant drugs
(Porsolt et al., 1977; Willner, 1984). In order to obtain a
precise evaluation of stress influence on behavioral perfor-
mance, variable electrical shocks with different intensity and
duration were used. Acute shock paradigm followed by
forced swim test was selected in order to distinguish the
stress procedure from the experimental model of behavioral
despair. In this manner, we could modify shock variables
(duration and/or intensity) without affecting the behavioral
procedure. In fact, a chronic shock paradigm such as chronic
mild stress affects per se the response of animals to
antidepressants and is considered as an experimental model
of depression. Corticosterone plasma levels were measured
to evaluate a possible correlation between stressor strength
and hormonal response under clomipramine treatment.
Experiments were made in both male and female rats to
provide a wider idea on the possible clinical extension of
these results evaluating the gender influence on the
correlation between clomipramine effect and corticosterone
response to stress.

2. Materials and methods
2.1. Animals

Male rats of the Wistar strain (purchased from Charles
River, Italy) weighing 220-240 g were used. Female rats of
the same strain (weighing 200—-220 g), purchased from the
same provider, were also used. For at least a week prior to the
experiments, the rats were housed four to a cage under
standard environmental conditions: constant temperature of
23+1 °C, 60% humidity, 12-h light/dark cycle (lights on
between 8.00 and 20.00), food and water available ad
libitum. The care and maintenance of the rats conformed to
the European Communities Council Directive 86/609/EEC
and efforts were made to minimize animal suffering and to
reduce the number of animals used. The rationale, design and
methods of this study have been approved by the Ethical
Committee for Animal Research, University of Catania.

2.2. Vaginal smears

After a week of habituation in the facilities, female rats
were subjected daily to vaginal smears. Vaginal samples
were taken flushing 60 to 75 pl of methylene blue (0.1% in
water) in and out of the vagina using a micropipette and then
placing a drop of exudate on a slide. The resulting
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cytological display of exfoliated cells showed histological
variations that indicated under light microscopy the ovarian
phase as diestrous, metestrous, proestrous, and estrous
(cornified cells with acidophilic cytoplasm), based on the
predominant cell type.

2.3. Drugs and treatment

Clomipramine hydrochloride, purchased from Sigma
(USA), was freshly diluted in physiological saline and
injected intraperitoneally (i.p.). Rats received three such
injections 24, 5 and 1 h prior to behavioral testing.
Physiological saline as placebo was injected i.p. to control
animals with the same procedure.

All animals were gently handled each day for a week prior
to experimental procedures by experienced facilities' keepers
avoiding any environmental or physic stress in order to make
them habituated to manipulation. Animals were randomly
assigned to any treatment group and were used only once in
the behavioral experiments. Rats subjected to drug or
placebo administration received an injection of a I-ml
standard volume of solution with a 23-gauge stainless steel
needle of 31 mm length.

2.4. Forced swim test

Rats were individually forced to swim inside vertical
plexiglas cylinders containing 15 cm of water maintained at
25 °C (Porsolt et al., 1977). After 15 min in the water, they
were removed and allowed to dry for 15 min in a heated
container before being returned to their home cages. They
were replaced in the cylinders 24 h later and total duration of
immobility (immobility time) was measured during a 5-min
test. A rat was judged to be immobile whenever it remained
passively floating in the water in a slightly hunched but
upright position, its head just above the surface.

2.5. Plasma corticosterone measurement

After behavioral procedures were completed and vaginal
smears were made in female rats, animals were immediately
killed by decapitation. The blood samples were collected and
centrifuged, and the plasma was frozen at —20 °C until
assayed for corticosterone concentrations by radioimmuno-
assay. The ['*I]-labeled corticosterone (48.1 kBq) double
antibody radioimmunoassay kit for rats (Amersham, USA)
was used. To displace corticosterone from corticosterone-
binding globulin in plasma, the plasma was heated for 30 min
at 60 °C. The assay was carried out at room temperature,
using rabbit anti-corticosterone serum as the first antibody
and donkey anti-rabbit serum coated on magnetizable
polymer particles as the second antibody. According to the
manufacturer, the cross reactivity is very low. The highest
cross-reactivity is found with 11-deoxycorticosterone (2.4%
in contrast to 100% for corticosterone). Plasma corticosterone
levels were expressed as pg/100 ml.

2.6. Experimental design

In a preliminary experiment the dose—effect relationship
of clomipramine compared with placebo was studied in
forced swim test. This experiment was carried out to verify
test suitability in our experimental plan. For this reason we
selected three doses of clomipramine (1, 10, 50 mg/kg) and
found the 50 mg/kg dose being fully active in reducing the
immobility time. This dose was selected for the succeeding
experiments. Furthermore, this dose was considered as the
minimum effective dose of clomipramine in forced swim test
(Porsolt et al., 1977).

Two different experiments were programmed and carried
out. In the first experiment, the effect of electric shocks on the
response of male rats in forced swim test was studied. For this
purpose, groups of 7 animals were injected i.p. with
clomipramine or saline and subjected to electric shocks 24,
5 and 1 h prior to behavioral testing. This treatment schedule
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Fig. 1. Effects of clomipramine treatment on the immobility time exhibited
by male rats tested in forced swim test after application of stressors
(electric foot-shocks) of various duration and intensity. * Significantly
different as compared to saline-non-shocked controls (P <0.05, Dunnett's
test for multiple comparisons). ** Significantly different as compared to
saline-non-shocked controls and to clomipramine-treated non-shocked
animals (P <0.05, Dunnett's test for multiple comparisons). Values are
mean+SEM. The number of animals was 7 per group. Shocks were as
follows: mild (5 ms, 0.1 mA), moderate (5 ms, 1.0 mA), severe (10 ms,
1.0 mA). Animals were injected i.p. with clomipramine (50 mg/kg) or
saline and subjected to electric shocks 24, 5 and 1 h prior to behavioral
testing. Immobility time was the total time of passive floating in the water
in a 5-min test. Two-way ANOVA revealed a significant treatment—time
interaction for mild [F(3,27)=3.35, P<0.01], moderate [F(3,27)=3.21,
P<0.01] and severe shock [F(3,27)=3.42, P<0.01].
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Fig. 2. Effects of clomipramine treatment on the immobility time exhibited
by female rats in various phases of ovarian cycle tested in forced swim test
after application of stressors (electric foot-shocks) of various duration and
intensity. §Significantly different as compared to saline-non-shocked
diestrous controls (P<0.05, Dunnett's test for multiple comparisons).
*Significantly different as compared to saline-non-shocked controls
(P <0.05, Dunnett's test for multiple comparisons). **Significantly different
as compared to saline-non-shocked controls and to clomipramine-treated
non-shocked animals (P <0.05, Dunnett's test for multiple comparisons).
Values are mean+ SEM. The number of animals was 7 per group of ovarian
cycle phase. Shocks were as follows: mild (5 ms, 0.1 mA), moderate (5 ms,
1.0 mA), severe (10 ms, 1.0 mA). Animals were injected i.p. with
clomipramine (50 mg/kg) or saline and subjected to electric shocks 24, 5 and
1 h prior to behavioral testing. Immobility time was the total time of passive
floating in the water in a 5-min test. Two-way ANOVA revealed a significant
treatment—time interaction for mild [F(15,111)=4.95, P<0.05], moderate
[F(15,111)=4.45 P<0.05] and severe shock [F(15,111)=4.81, P<0.05].

was adopted in all experiments in accordance to the original
procedure described by Porsolt et al. (1977). Application of
electric shocks was made just after each injection of
clomipramine or saline in order to ensure specific and
constant treatment/stressor interaction. Duration of shocks
was 5 or 10 ms and intensity was 0.1 or 1 mA. Rats received
three such shocks through an electric grid put in a box with
transparent walls. A group of non-shocked and untreated
animals were considered as controls. At the end of behavioral
procedure, all animals were sacrificed by decapitation and
corticosterone plasma levels were measured.

In the second set of experiments, groups of 7 female rats
were selected according to phase of their ovarian cycle (as
assessed by vaginal smears) and injected i.p. with clomip-
ramine or saline with the same procedure used for male
animals. They were subjected to electric shocks 24, 5 and 1

h prior to behavioral testing. Application of electric shocks
was made just after each injection of clomipramine or saline.
Duration of shocks was 5 or 10 ms and intensity was 0.1 or 1
mA. A group of non-shocked and untreated animals were
considered as controls. All animals were sacrificed by
decapitation and corticosterone plasma levels were measured
with the same procedure used for male animals.

2.7. Statistical analysis

All data were analyzed using two-way analysis of variance
(two-way ANOVA) and the post hoc Dunnett's test for
multiple comparisons. A P-value of 0.05 or less was
considered as indicative of a significant difference. Where
not indicated, two-way ANOVA revealed no significant level
of variance.

3. Results

Application of mild or moderate shocks (5 ms, 0.1 or 1
mA) reduced immobility time of untreated male rats as
compared to saline-injected non-shocked controls (Fig. 1). In
contrast, severe shocks (10 ms, 1 mA) caused a sustained
increase in immobility time of untreated male rats. Clomip-
ramine treatment was followed by similar reduced immobil-
ity time in all three groups of non-shocked animals as
compared to that of untreated non-shocked controls.
Furthermore, animals treated with clomipramine and sub-
jected to mild shocks exhibited an immobility time lower than
that of clomipramine-treated non-shocked animals. In
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Fig. 3. Effects of clomipramine treatment on plasma corticosterone levels in
male rats tested in forced swim test after application of stressors (electric foot-
shocks) of various duration and intensity. *Significantly different as
compared to saline-non-shocked controls (P<0.05, Dunnett's test for
multiple comparisons). **Significantly different as compared to saline-
non-shocked controls and to saline-injected or clomipramine-injected
animals subjected to mild or moderate shocks (P <0.05, Dunnett's test for
multiple comparisons). Values are mean+SEM. The number of animals was
7 per group. Shocks were as follows: mild (5 ms, 0.1 mA), moderate (5 ms,
1.0 mA), severe (10 ms, 1.0 mA). Animals were injected i.p. with
clomipramine (50 mg/kg) or saline and subjected to electric shocks 24, 5
and 1 h prior to behavioral testing. After behavioral procedures were
completed, animals were immediately killed by decapitation and blood
samples were withdrawn. Two-way ANOVA revealed a significant
treatment—time interaction [F(6,55)=3.35, P<0.01].
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Fig. 4. Effects of clomipramine treatment on plasma corticosterone levels in
female rats in estrous phase of ovarian cycle tested in forced swim test after
application of stressors (electric foot-shocks) of various duration and
intensity. * Significantly different as compared to saline-non-shocked
controls (P <0.05, Dunnett's test for multiple comparisons). ** Significantly
different as compared to saline-non-shocked controls and to saline-injected
or clomipramine-injected animals subjected to mild or moderate shocks
(P <0.05, Dunnett's test for multiple comparisons). Values are mean+SEM.
The number of animals was 7 per group. Shocks were as follows: mild (5 ms,
0.1 mA), moderate (5 ms, 1.0 mA), severe (10 ms, 1.0 mA). Animals were
injected i.p. with clomipramine (50 mg/kg) or saline and subjected to electric
shocks 24, 5 and 1 h prior to behavioral testing. After behavioral procedures
were completed, animals were immediately killed by decapitation and blood
samples were withdrawn. Two-way ANOVA revealed a significant
treatment—time interaction. Two-way ANOVA revealed a significant
treatment—time interaction [F(6,55)=3.67, P<0.01].

contrast to mild shocks, however, moderate and severe
shocks caused a reduction in clomipramine effect. In fact,
immobility time of rats treated with clomipramine and
subjected to moderate or severe shocks was found to be
higher than that of untreated or clomipramine-treated non-
shocked animals. In particular, severe shocks totally
abolished clomipramine effect in reducing immobility time
in forced swim test.

In female rats, phases of ovarian cycle appeared to affect
immobility time in forced swim test. All groups of saline-
injected non-shocked animals in proestrous and estrous
phases exhibited an immobility time longer than those in
diestrous phase (Fig. 2). Application of mild, moderate or
severe shocks prior to behavioral testing induced an altered
response in female rats depending on the ovarian phase. In
particular, proestrous and estrous rats showed an increased
immobility time, while the behavioral response of diestrous
and metestrous animals did not differ from that of saline-
injected non-shocked controls. The only exception was
represented by diestrous rats subjected to moderate shocks
that exhibited an immobility time in forced swim test lower
than that of corresponding controls. Immobility time
appeared to be decreased in clomipramine-treated non-
shocked animals of all ovarian cycle phases as compared to
that of untreated non-shocked controls. Application of mild,
moderate or severe shocks was followed by increased
immobility time in clomipramine-treated rats of all ovarian
phases as compared to drug-treated non-shocked animals.
Only clomipramine-treated metestrous and proestrous
animals subjected to mild and moderate shocks, respec-

tively, failed to exhibit significant changes in immobility
time.

The measurement of plasma corticosterone levels
revealed a correlation between strength (intensity and/or
duration) of shocks and hormonal response in male rats (Fig.
3). However, animals treated with clomipramine and
subjected to mild shocks failed to exhibit any significant
change in plasma corticosterone levels. In fact, clomipra-
mine treatment prevented stress-induced plasma corticoste-
rone levels surge in these animals, but not in those subjected
to moderate or severe shocks.

Female rats in estrous phase also exhibited increased
hormonal response that correlated with shock strength (Fig.
4). In these animals, clomipramine treatment prevented
corticosterone surge induced by mild or moderate shocks,
but not by severe shocks. Like estrous rats, proestrous,
diestrous or metestrous animals showed increased plasma
corticosterone levels that correlated with shock strength.
However, no change in corticosterone surge was found after
clomipramine treatment (data not shown).

Finally, moderate shocks application was followed by
more sustained increase of corticosterone levels in males
than in female rats (p<0.05, Dunnett's test for multiple
comparisons).

4. Discussion

One result of this study's deserving attention is that low
intensity physical stressors seem to exert antidepressant-like
effects in male rats studied in the forced swim test. This is a
finding consistent with the concept that mild acute stressors
may stimulate brain functions in different experimental and
clinical situations. Uncontrollable mild shocks have been
found to induce behavioral invigoration in mice subjected to
forced swim test and the controllability of the stressor does
not influence the initial invigoration (Prince and Anisman,
1984). Furthermore, facilitation of cognitive processes has
been described after administration of stress hormones, such
as adrenocorticotropin hormone (ACTH) (Weiss et al., 1970;
De Wied, 1979), vasopressin (Van Wimersma Greidanus et
al., 1974, 1975), prolactin (Drago, 1990) and other pituitary
hormones. Glucocorticoids may also facilitate storage of new
information, but they facilitate the extinction of behavior that
is no more relevant to the subject (De Kloet, 2003; Hui et al.,
2004). In female rats, however, mild shocks did not result in
anti-depressant effects in forced swim test and only diestrous
animals subjected to moderate shocks exhibited decreased
immobility time. Thus, gender-dependent hormonal milieu
may influence the behavioral response of animals subjected
to mild or moderate stressors.

Furthermore, clomipramine effect here appeared to be
enhanced by application of mild shocks in male but not in
female rats, suggesting the existence of gender-based
variability in stress-induced variations of clomipramine
effect. In a way, this finding agrees with the different



D. Consoli et al. / European Journal of Pharmacology 520 (2005) 100-107 105

attitude to depressive behavior found in males compared to
females tested in forced swim test.

It is generally accepted that corticosterone plasma levels
are correlated to the duration and intensity of stressors.
However, behavioral procedure per se might have contrib-
uted to the hypersecretion of corticosterone. In fact, Wistar
Kyoto rats that display increased behavioral immobility also
demonstrates exaggerated secretion of stress hormones
during forced swim test, and the results may be due, in
part, to reduced sensitivity of glucocorticoid receptors that
supply negative feedback to the hypothalamus—pituitary—
adrenal axis (Rittenhouse et al., 2002). As application of
stressors in the present study was made three times along 24
h prior to behavioral testing, no adaptive response of this axis
has been found. In fact, animals subjected to chronic
stressors do not show plasma corticosterone levels higher
than those of unstressed controls (Hilakivi-Clarke et al.,
1992; Azpiroz et al., 1999).

Furthermore, clomipramine administration was followed
by a reduced surge of plasma corticosterone after application
of mild or moderate shocks. Tricyclic antidepressants appear
to mitigate the multiple stress-induced neuroendocrine
feedback loops forming the vicious circle to activate central
corticotropin-releasing hormone (CRH) neuronal systems.
(Makino et al., 2002). Indeed, antidepressant drugs counter-
act the reduction of locomotor activity and of catecholamine
utilization in the brain induced by repeated stress (Zeb-
rowska-Lupina et al.,, 1990). In particular, clomipramine
counteracts stress-induced surge of corticosterone plasma
levels (Fuchs et al., 1996) and changes in cerebral
metabolites (Van der Hart et al., 2002). These findings are
consistent with the clinical evidence of increased adrenal
cortisol responses and baseline hypersecretion of cortisol in
depressed patients (Sachar et al., 1973; Holsboer, 1983;
Musselman and Nemeroff, 1995). In these patients, dysre-
gulations of hypothalamus—pituitary—adrenal axis and of
sympathetic system occur together, and increased cortisol
levels are combined with a hypersecretion of norepinephrine
(Musselman and Nemeroff, 1995). Like in depressed patients
(Holsboer et al., 1983; Golden et al., 1988), treatment of rats
with clomipramine normalizes both behavioral responses in
forced swim test and activity of the hypothalamus—
pituitary—adrenal axis. This may be due to direct interactions
of the drug with serotonergic and/or noradrenergic circuits in
various brain areas, which in turn, modulate the activity of
the CRH system. This system stimulates the synthesis and
release of ACTH and other pro-opiomelanocortin products
from the pituitary and regulates autonomic activity (Tilders
and Berkenbosch, 1986; Owens and Nemeroff, 1991).
Interestingly, reduced brain serotonin levels have been
found in an experimental model of depression after
application of different kinds of stressor (Connor et al.,
1999). However, when severe shocks were applied, both
male and female rats showed increased plasma corticoste-
rone levels. It is possible that failure of clomipramine in
inhibiting flow of corticosterone under application of

moderate or severe shocks in male rats is the neuroendocrine
expression of drug inefficacy in behavioral measures.

Interestingly, moderate shocks application was followed
by plasma corticosterone levels higher in male than in female
rats. Under stress conditions, females may exhibit either
higher (Wilson et al., 2004) or similar levels of adrenal
hormones compared to males (Conrad et al., 2004;
Drossopoulou et al., 2004). Furthermore, it should be
noted that in most studies with female rats no correlation is
made between stress-induced corticosterone surge and phase
of ovarian cycle. Thus, another important issue related to the
present findings is whether corticosterone response to stress
in female animals depended on the ovarian phase. Although
the behavioral response of female rats in forced swim test
varied depending on the ovarian phase, only estrous animals
exhibited a reduced surge of corticosterone after treatment
with clomipramine. In other studies, plasma corticosterone
levels vary in estrous animals subjected to different kinds of
stressor (Rubinow et al., 2004) and females in proestrous
showed higher plasma corticosterone levels during restraint
stress compared to females in estrous (Conrad et al., 2004).
As proestrous and estrous phases are associated to high
plasma estrogen levels, it is possible that this factor
influences the corticosterone response to stress.

Another interesting finding was that saline-injected non-
shocked female rats in proestrous or estrous phase exhibited
a prolonged duration of immobility time than animals in
diestrous or metestrous phases. Since proestrous and estrous
phases correspond with a surge of estrogens in female rats,
while diestrous with lowest levels of estrogens, it is
conceivable that a surge of these hormones may induce a
depressive-like status in female rats. This concept is
consistent with the finding that clomipramine reduced
plasma corticosterone levels after application of mild or
moderate shocks only in estrous female rats, while it failed to
exhibit this effect in proestrous, diestrous and metestrous
females. Furthermore, whenever they were subjected to
shocks or clomipramine treatment, differences were ob-
served in forced swim test response among females of
various ovarian cycle phases. Results showed that proestrous
and estrous females were more susceptible to moderate or
severe shocks than diestrous animals (Fig. 2). Thus,
hormonal changes related to ovarian cycle might have
influenced their responsiveness to stress.

The clinical extension of this finding may be relevant for
the pharmacological treatment of depression. In fact, the
gender difference in prevalence and incidence rates of
depression is one of the most consistent findings in
psychiatric epidemiology (Piccinelli and Wilkinson, 2000;
Bogner and Gallo, 2004; Goodwin and Gotlib, 2004) and
rates of depression in women are approximately twice those
seen in men (Cohen, 2003). Furthermore, higher incidence of
depression has been reported for contraceptive users
(Shaarawy et al., 1982). In contrast, low plasma estrogen
levels in post-menopausal women seem to be associated with
higher incidence of depression, although the efficacy of
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estrogen replacement therapy in this pathology is uncertain
(Carranza-Lira and Valentino-Figueroa, 1999; Morrison et
al., 2004).

We should consider that different kinds of stressors have
been shown to modify the behavioral response of animals
tested in forced swim test. The simple repeated saline
injection may induce a depressive-like state in rats that is
counteracted by the antidepressant drug, imipramine (Izumi
et al., 1997). More recently, we have shown that placebo
injection per se may represent a stressor capable of inducing
an increased immobility time in comparison to that found in
intact non-injected controls (Drago et al., 2001). One direct
consequence of these findings is that the net difference
between placebo-injected and intact controls should be
deducted in the evaluation of the pharmacological potency of
antidepressant drugs studied with this test. However, the
experimental design of the present study did not allow
evaluating the effect of this stressor (injection per se) on
clomipramine efficacy, as the drug could not be administered
in a stressor-free situation.

A limiting factor in this study is the fact that a single
antidepressant at single dose was evaluated. However, it
should be considered that clomipramine is among the most
studied antidepressants in pre-clinical studies and using
multiple drug and dose schedule should have made much
more complicated the experimental procedure of the present
study.

In conclusion, a direct consequence of the present results
is that correct experimental design of animal studies with the
forced swim test should avoid any type of incontrollable
stressors that may influence the efficacy of an antidepressant
treatment to the animals. We have already proposed that
correct experimental design with forced swim test should
include two control groups, the placebo-treated and the
untreated (unstressed) intact controls. An example of this
design is shown in a previous study (Drago et al., 2001).
Furthermore, the finding that severe stressful stimuli may
facilitate a depressive response in male and female rats tested
in forced swim test and diminish clomipramine efficacy
deserves more attention for the possible correlates at the
clinical level.
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