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Chronic unpredictable stress (CUS) is one of the behavioral models re-
sembling in some respects (loss of normal aggresiveness) human depression.
In the present study, consistent with the ethical principles for scientific ex-
periments on animals, we have decided to modify the CUS procedure. In this
new modified model named chronic unpredictable mild stress (CUMS), we
have introduced mild stressor (14 h period of 45° cage tilt) instead of one se-
vere stressor (20 s exposure to electric footshock). The purpose of the pres-
ent study was to determine whether this new procedure CUMS, similarly to
CUS, affected the footshock-induced fighting behavior. We have also inves-
tigated the effect of antidepressant drugs with different pharmacological pro-
files (imipramine, mianserin, fluoxetine, moclobemide, tianeptine) and anx-
iolytic drug (oxazepam) on fighting behavior in rats submitted to CUMS.
It was found that in rats subjected to CUMS procedure the number of fight-
ing attacks was significantly reduced (by about 80%). Prolonged treatment
(once daily, for 14 days) with imipramine (10 mg/kg/day), tianeptine
(12.5 mg/kg/day), mianserin (10 mg/kg/day), moclobemide (50 mg/kg/day),
fluoxetine (10 mg/kg/day), but not oxazepam (5 mg/kg/day) prevented the
deficit in fighting behavior in rats subjected to CUMS. In conclusion, the re-
sults of the present study indicate that CUMS, similarly to CUS procedure,
induced behavioral deficit in rats which was normalized by antidepressants
with a different pharmacological profile.
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INTRODUCTION

Clinical experiences with antidepressants show
that these drugs are devoid of mood-elevating ef-
fects in healthy human subjects and, therefore, it is
necessary to evaluate the antidepressant property of
compounds in animal model of depression. Accord-
ing to this assumption a variety of animal models of
depression have been examined and introduced to
preclinical drug evaluation [8, 11, 12, 23, 28, 29].

It is well established that chronic stress acts as
a predisposing and precipitating factor in the onset
of certain forms of depression in humans [1, 2, 14,
28]. Among the variety of procedures leading to
human depressive-like symptoms in animals, stress
procedures take place among the well-validated
models [2, 13, 23, 29]. Studies in animals have
shown that the chronic stress is able to evoke be-
havioral changes resembling clinical depression,
such as locomotor activity deficit, reduced food
and water consumption and decrease in responsive-
ness to rewarding stimuli [10–13, 30].

Our previous studies have shown that the rats
subjected to chronic unpredictable stress (CUS)
procedure (2 weeks, various stressors, one stressor
daily), including severe stimuli such as twofold ex-
posure to electric footshock, exhibited the great de-
crease in the intensity of footshock-induced fight-
ing behavior. We have also demonstrated that anti-
depressants (tricyclic drugs, selective serotonin
reuptake inhibitors, monoamine oxidase-inhibitors)
but not anxiolytics, given repeatedly prevented the
deficit in the footshock-induced fighting behavior
[20, 22, 31].

In the present study, consistent with the ethical
principles for scientific experiments on animals, we
have decided to modify the CUS procedure. In this
new modified model named chronic unpredictable
mild stress (CUMS), we have introduced mild
stressor (14 h period of 45° cage tilt) instead of one
severe stressor (20 s exposure to electric foot-
shock).

The purpose of the present study was to deter-
mine whether this new procedure (CUMS) affected
the footshock-induced fighting behavior. We have
also investigated the effect of antidepressant drugs
with different pharmacological profiles (imipramine,
mianserin, fluoxetine, moclobemide, tianeptine)
and anxiolytic drug (oxazepam) on the fighting be-
havior in rats submitted to CUMS.

MATERIALS and METHODS

All procedures were conducted according to
NIH Animal Care and Use Committee guidelines,
and approved by the Ethical Committee of Skubi-
szewski Medical University of Lublin No. 388/02.

Male Wistar rats (180–200 g) were used. They
were housed six per cage and kept under normal
laboratory conditions (temperature 20°C, natural
light-dark cycle) with free access to granulated
food (LSM, Motycz, Poland) and water. Experi-
ments were performed betweeen 8.00 and 15.00 h.

CUMS procedure

Rats were subjected to the following kinds of
stressors (one stressor a day) 14 h period of 45°
cage tilt, 2 h period of immobilization at 20°C or at
4°C, 5 min exposure to electric bell, 3 min period
of swimming in cold water (12°C) or 5 min period
of illumination (80 ± 1 klx) and 48 h period of food
deprivation. Each stressor was repeated 2 times
during the 16-day stress procedure.

Footshock-induced fighting behavior

Footshock-induced fighting behavior was elic-
ited in rats according to Tedeschi et al. [25]. The
pair of male rats was placed in the glass cylinder
(15 × 23 cm) on the steel grid floor for 10 min ad-
aptation. Next, fighting was induced by electric
footshock (3 mA, impulse duration 0.2 s, every 2 s).
The number of attacks (biting, boxing, fighting)
were scored during 5 min of painful stimulation.
Nineteen – twenty two days before final test the
rats were tested for the fighting behavior intensity
and only pairs of rats having similar level of fighting
were chosen for further experiments. The footshock-
induced fighting behavior test was performed 48 h
after the last session of the chronic stress.

Exploratory activity

Exploratory activity (number of squares traversed
and rearings) was observed for 3 min in the open
filed, 15 min before the fighting behavior test.

Drugs

Drugs used were: imipramine (Polfa, Poland),
mianserin (Jelfa, Poland), moclobemide (Roche,
Switzerland), fluoxetine (Eli Lilly, England), tia-
neptine (Servier, France) and oxazepam (Polfa, Po-
land). The drugs were administered intraperito-
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neally (ip) as a suspension in 1% Tween 80 (Sigma,
USA).

In a chronic study all drugs were injected once
daily during 16-days CUMS procedure 1 h before
every stress session. In the other series of experi-
ments imipramine, tianeptine or oxazepam were in-
jected in a single dose 1 h before the test of fighting
behavior.

Statistics

The data (expressed as means ± SEM) were
evaluated by t test or one-way analysis of variance
(ANOVA) followed by Bonferroni’s multiple com-
parison test.

RESULTS

Effect of CUMS on footshock-induced fighting

behavior and exploratory activity in rats

In normal (unstressed) rats, the mean number of
fighting attacks was about 166/5 min. In rats sub-
mitted to CUMS, the number of fighting attacks was
reduced by about 80% (t(10) = 8.489, p < 0.0001).
There were no significant differences in the number
of squares traversed and rearings between un-
stressed and chronically stressed rats (Tab. 1).

Effect of imipramine and tianeptine adminis-

tered at a single dose on footshock-induced fight-

ing behavior and exploratory activity in rats sub-

jected to CUMS

In rats submitted to CUMS the number of fight-
ing attacks was significantly decreased by approxi-
mately 75%; ANOVA, F(3,20) = 14.429, p < 0.0001
(Tab. 2). Neither imipramine (10 mg/kg) nor tia-
neptine (12.5 mg/kg), given at a single dose,
changed the intensity of fighting behavior in chroni-
cally stressed rats. Tianeptine (but not imipramine)

decreased the number of rearings in open field test
when compared with control (unstressed) rats;
ANOVA, F(3,34) = 3.216, p < 0.03 (Tab. 2).

Effect of prolonged treatment with antidepres-

sant drugs on footshock-induced fighting behav-

ior and exploratory activity in rats subjected to

CUMS

In rats submitted to CUMS, the number of fight-
ing attacks was significantly decreased by about
65–85% (Tab. 3: ANOVA, F(2,15) = 35.602,
p < 0.0001; Tab. 4: ANOVA, F(2,15) = 8.954,
p < 0.002; Tab. 5: ANOVA, F(4,25) = 8.439,
p < 0.0002). Prolonged treatment with imipramine
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(10 mg/kg/day), tianeptine (12.5 mg/kg/day), mian-
serin (10 mg/kg/day), moclobemide (50 mg/kg/day),
or fluoxetine (10 mg/kg/day) significantly in-
creased the number of fighting attacks in chroni-
cally stressed rats. Moreover, there were no signifi-
cant differences in the number of fighting attacks
between control (unstressed) rats and rats submit-
ted to CUMS and treated with antidepressant drugs
mentioned above (Tab. 3–5). In the open field test,
imipramine, tianeptine and fluoxetine did not
change the exploratory activity of chronically

stressed rats. Mianserin and moclobemide de-
creased the number of squares traversed in stressed
rats when compared with control (unstressed) rats;
ANOVA, F(4,55) = 7.917, p < 0.0001 (Tab. 5).

Effect of oxazepam on footshock-induced fight-

ing behavior and exploratory activity in rats sub-

jected to CUMS

The number of fighting attacks was significantly
decreased in stressed rats by about 65%–75%
(Tab. 6: ANOVA, F(2,15) = 13.548, p < 0.0004; Tab.
7: ANOVA, F(2,15) = 27.709, p < 0.0001). Neither
oxazepam given at a single dose of 5 mg/kg nor ad-
ministered chronically (5 mg/kg/day) change the
fighting behavior in rats submitted to CUMS (Tab.
6, 7). In open field test, oxazepam, given at a single
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dose (but not chronically), increased the number of
squares traversed in stressed rats; ANOVA, F(2,33)
= 3.594, p < 0.03 (Tab. 6).

DISCUSSION

Our previous study indicated that the rats sub-
jected to CUS procedure, including severe stimu-
lus, such as electric footshock, showed the reduc-
tion of fighting behavior, and that this effect was
prevented by antidepressants (but not anxiolytics)
given repeatedly [20, 22, 31]. The lack of sedative
(open field test) or antinociceptive (hot plate test)
[21] effects of CUS was also shown, so we can
conclude that the reduction of fighting behavior ob-
served in our earlier experiments, is the specific re-
sult of CUS.

On the basis of the above findings, we have
proposed the procedure of CUS as an animal model
of depression which resembles in some respects
(loss of normal aggressiveness) human depression.

The present study reveals that the rats subjected
to CUMS, similarly as to CUS showed decreased
footshock-induced fighting behavior (by about
65%–85%) when observed 48 h after the last ses-
sion of the chronic stress. The results obtained in
the open field test indicated that the motor function
was fully efficient, so the deficit in aggression did
not depend on locomotor activity level of the rats.
In the present paper, we have also demonstrated
that antidepressants with various pharmacological
profiles of action such as imipramine (tricyclic
drug), moclobemide [selective reversible inhibitor
of monoamineoxidase-A (MAO-A) isoenzyme],
fluoxetine [selective serotonin (5-HT) reuptake in-
hibitor] and tianeptine (the drug which facilitates
5-HT uptake) given repeatedly (1 h before every
stress session) prevented the deficit of fighting be-
havior induced by this kind of chronic stress.

In control experiments, imipramine and tia-
neptine administered at a single dose did not coun-
teract the behavioral fighting deficit induced by
CUMS.

It must be underlined that all used drugs did not
influence the intensity of fighting behavior in con-
trol (unstressed) rats [our previous studies: 20, 22,
31]. These results are consistent with other authors
who found that shock-induced fighting was unaf-
fected or even decreased by antidepressants [6, 9].
In other papers, the facilitation of aggression was
observed, but after other doses of antidepressants

[7] or other times of observation (24 h) after the
last dose of antidepressants [16]. Unlike the used
antidepressants, oxazepam, a benzodiazepine anx-
iolytic, did not prevent the deficit in fighting be-
havior.

The results obtained here are consistent with the
previous studies from our laboratory [20, 22, 31]
and with the results of the other studies reporting
the efficacy of antidepressant drugs from various
classes but not anxiolytics in other animal tests
used to detect antidepressant activity of the drugs
[4, 15, 17–19, 23, 24, 27, 29].

We have shown previously that imipramine,
moclobemide, fluoxetine, but not oxazepam or lo-
razepam, given repeatedly (1 h before every stress
session) counteracted the deficit of aggression in-
duced by CUS [20, 22, 31].

Papp et al. [23] and Willner et al. [29] have
shown brofaromine and moclobemide to be effec-
tive in reversing chronic mild stress-induced anhe-
donia. In mice, in the behavioral despair test, mo-
clobemide decreased the immobility score to a simi-
lar degree as amitriptyline or imipramine [4]. In the
learned helplessness test, another MAO inhibitor,
clorgiline, treatment resulted in the antidepressant
like action [15].

It is worth adding that in our study also tia-
neptine, which (in contrast to selective 5-HT reup-
take inhibitors) facilitates 5-HT uptake and de-
creases the extracellular levels of 5-HT, prevented
the behavioral deficit induced by CUMS. It has
been reported in other papers that tianeptine pre-
vented the stress-induced behavioral deficit [27],
attenuated morphological changes in the hippo-
campus induced by stress [26], and reduced stress-
evoked stimulation of the hypothalamo-pituitary-
adrenal (HPA) axis [5]. Recently, it has been sug-
gested that antidepressants might exert their effects
through modulation of HPA axis activity. It has been
found that tianeptine potently inhibited HPA axis
probably by direct action on CRH synthesis and/or
secretion. Selective 5-HT reuptake inhibitors also
seem to act on HPA axis activity increasing minera-
locorticoid receptors level by enhancing corticos-
teroid receptor function or by direct action on CRH
release [3].

Our results confirm Sherman et al. [24] results
indicating that chronic administration of antide-
pressants attenuated the “learned helplessness” but
anxiolytics were inactive in this test. Nankai et al.
[19] have also shown in the “learned helplessness”
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model that repeated administration of anxiolytic
drug, diazepam, did not produce the recovery from
the deficit of performance. Our findings are also
consistent with Muscat et al. [18] observations that
fluoxetine but not chlordiazepoxide reversed the
stress-induced anhedonia. The findings reported
here show that CUMS, similarly to CUS procedure,
decreased the footshock-induced fighting behavior
of rats and that this effect did not depend on loco-
motor activity level. Moreover, prolonged treat-
ment with antidepressant drugs, but not anxiolytic,
prevented the deficit of fighting behavior in this
test.

In conclusion, the results of the present study
indicate that CUMS, similarly to CUS procedure,
induces behavioral deficit in rats which can be nor-
malized by antidepressants with a different phar-
macological profile.
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