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Several animal models of “depression” have been examined. One of
them is chronic unpredictable stress (CUS)-induced deficit of fighting be-
havior in rats. In the present study, we compared the effects of two antide-
pressants (fluoxetine or fluvoxamine) and three anxiolytics (buspirone, lo-
razepam or oxazepam) on the electric footshock-induced fighting behavior
in the pairs of male Wistar rats exposed to CUS procedure (16-day applica-
tion of various unpredictable stressors). It was found that, in chronically
stressed rats, the number of fighting attacks was significantly reduced (by
about 70%). Prolonged (for 14 days) treatment of rats with fluoxetine or
fluvoxamine (both at the dose of 10 mg/kg/day) counteracted the deficit of
aggression induced by the chronic stress. On the contrary, the anxiolytics: lo-
razepam (0.5 mg/kg/day), oxazepam (5 mg/kg/day) or buspirone (0.2 mg/kg/
day) administered for 14 days, did not modify the deficit of fighting induced
by CUS procedure. It must be underlined that prolonged treatment with all
used drugs did not change the intensity of fighting in normal (unstressed)
rats. In conclusion, prolonged treatment with antidepressant drugs prevents
the CUS-induced deficit of fighting behavior, whereas no beneficial effect of
anxiolytic agents was found.
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INTRODUCTION

It is well established that chronic stress is an
important factor not only in the etiology of some
somatic diseases but is also a predisposing and pre-
cipitating factor in the onset of psychiatric disor-
ders [1, 24, 43].

Animal research has adopted this view on the
relationship between stress and behavioral disor-
ders. It was shown that chronic stress was able to
evoke behavioral changes (motor activity deficit,
reduced food and water consumption and decrease
in responsiveness to rewarding stimuli) resembling
clinical symptoms of human depression [19, 21, 22,
44]. Exposure to stressful experiences is used to in-
duce abnormal behavior serving as models of “de-
pression” in animals [21, 22, 43, 44]. Recently, we
have reported that in the rats subjected to chronic
unpredictable stress procedure (CUS) the footshock-
-induced fighting behavior was significantly reduced
[29, 45, 46]. It was also shown that the prolonged
treatment with tricyclic antidepressants prevented
this behavioral deficit induced by CUS [45, 46].

Benzodiazepines represent the class of anxio-
lytics potentiating �-aminobutyric acid (GABA)-
mediated inhibition via the increase in the affinity
of GABA for the GABA-A receptor complex. They
are drugs of choice for the treatment of anxiety and
are the most often prescribed in stressful condi-
tions. However, prolonged treatment with benzodi-
azepines leads to the development of addiction, de-
pendence and withdrawal syndrome upon abrupt
discontinuation [36].

Abnormalities of serotonergic (5-HT) system
have been reported in depression [3, 30]. Recently,
several postmortem studies have shown that a num-
ber of 5-HT� receptor sites was increased in the
frontal cortex of depressed patients and of suicide
victims [2, 25].

Numerous observations (experimental and cli-
nical evidence) support the notion that the brain
5-HT system is linked not only to the biological ba-
sis of depression and anxiety [11, 12, 20] but also
to the mechanism of action of antidepressants and
novel anxiolytics, i.e. 5-HT%& receptor agonists.
One of them, buspirone is the effective anxiolytic,
which is devoid of the typical side effects associ-
ated with benzodiazepines such as a muscle relaxa-
tion, sedation, potential withdrawal syndrome upon
discontinuation or unsafe interaction with alcohol
[13, 18, 41].

In the present paper, we have compared the ef-
fects of two antidepressants: fluoxetine or fluvox-
amine with three anxiolytics: buspirone, lorazepam
or oxazepam on the fighting behavior deficit in-
duced by CUS procedure in rats.

MATERIALS and METHODS

The experiments were carried out on male Wis-
tar rats (180–220 g) kept under standard laboratory
conditions with free access to food and water. The
rats were housed six to a cage. All procedures were
performed between 8.00 and 14.00 h.

Chronic unpredictable stress procedure

CUS was a variant of Katz et al. method [22,
23]. The rats were subjected once a day to the fol-
lowing kinds of unpredictable stressors: 20 s expo-
sure to electric footshock (3 mA, impuls duration
0.2 s, every 2 s), 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 re-
peated 2 times during the 16-day stress procedure
[45, 46].

Footshock-induced fighting behavior

Footshock-induced fighting behavior was elic-
ited in rats according to Tedeschi et al. [39]. The
pairs of male rats were placed in the glass cylinder
(15 × 23 cm) on the steel gride floor for 10 min ad-
aptation. Next, fighting was induced by electric
footshock (intensity 3 mA, impulse duration 0.3 s
rate 1/s). The number of attacks (biting, boxing,
fighting) were scored during 5 min after painful
stimulation. The 19–22 days before the final test,
the pairs of rats have been tested for the fighting
behavior and only pairs of rats having similar
number of fighting attacks have been chosen for
further experiments. The footshock-induced fight-
ing behavior test was performed 49 h after the last
session of CUS.

Exploratory activity

Exploratory activity (the number of squares
traversed and rearings) was observed for 3 min in
the open field [15], always 15 min before the fight-
ing behavioral test.
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Drugs

Drugs used were: fluoxetine (Eli Lilly, Eng-
land), fluvoxamine (Duphar, France), oxazepam
and lorazepam (Polfa, Poland) and buspirone (Bris-
tol-Myers Squib, France). All drugs were injected
intraperitoneally (ip) at a single dose 1 h before the
test of fighting behavior or for 14 days, once daily,
1 h before the stressful stimulation. In stressed and
unstressed rats the last dose of drug was injected
49 h before the fighting behavioral test.

Statistics

The results were statistically assessed by the
Mann-Whitney U-test to compare each of the treat-
ment with respective control. All the data are ex-
pressed as means ± SEM.

RESULTS

Effect of fluoxetine or fluvoxamine given at

a single dose on footshock-induced fighting

behavior and exploratory activity in rats

In control (unstressed) pairs of rats, the mean
number of fighting attacks was about 140/5 min.

In rats submitted to CUS procedure, the number
of fighting attacks was significantly reduced (by
about 70%) when observed 48 h after the last stres-
sor (Fig. 1).

Exploratory activity was not changed in these
rats (Tab. 1).

Fluoxetine and fluvoxamine, given at a single
dose (10 mg/kg) influenced the intensity of fighting
neither in normal nor in chronically stressed rats
(Fig. 1).

Fluvoxamine but not fluoxetine significantly in-
creased the number of squares traversed (by about
50%) in normal and rearings (by about 100%) in
chronically stressed rats (Tab. 1).
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Effect of prolonged treatment with

fluoxetine or fluvoxamine on the foot-

shock-induced fighting behavior and

exploratory activity in rats

Neither fluoxetine nor fluvoxamine adminis-
tered for 14 days (10 mg/kg/day) changed the ag-
gressiveness of normal (unstressed) rats (Fig. 2).
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On the contrary, in rats exposed to chronic
stress, prolonged treatment with fluoxetine or with
fluvoxamine increased the number of fighting at-
tacks when compared with the control stressed rats
(Fig. 2).

Fluoxetine, but not fluvoxamine, given for 14
days, significantly increased the number of squares
traversed and rearings (by about 100%) in chroni-
cally stressed rats. Neither fluoxetine nor fluvox-
amine given chronically changed the exploratory
activity in normal (unstressed) rats (Tab. 2).

Effect of buspirone, lorazepam or oxazepam

given at a single dose on footshock-induced

fighting behavior and exploratory activity

in rats

Nonbenzodiazepine anxiolytic, buspirone, given
at a single dose (0.2 mg/kg), changed the intensity
of fighting and exploratory activity neither in nor-
mal (unstressed) nor in chronically stressed rats
(Fig. 3, Tab. 2).

Benzodiazepine derivative, lorazepam (but not
oxazepam), given at a single dose of 0.5 mg/kg sig-
nificantly decreased the number of fighting attacks
(by about 80%) in normal but not in stressed rats
(Fig. 3).

Significant decrease in the number of rearings
(by about 60–70%) was observed in the normal and
in the chronically stressed rats receiving lorazepam
(0.5 mg/kg) (Tab. 1).
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In rats exposed to chronic stress oxazepam
given at a single dose (5 mg/kg), significantly in-
creased the number of squares traversed and rear-
ings (Tab. 1).

Effect of prolonged treatment with

buspirone, lorazepam or oxazepam on

footshock-induced fighting behavior and

exploratory activity in rats

Buspirone (0.2 mg/kg/day), lorazepam (0.5
mg/kg/day) and oxazepam (5 mg/kg/day) given
chronically (for 14 days) changed the intensity of
fighting behavior or exploratory activity neither in
control (unstressed) nor in rats exposed to chronic
stress.(Fig. 4, Tab. 2).

DISCUSSION

The present study reveals that the rats exposed
to CUS procedure show the reduced number of
fighting attacks by about 70%. This phenomenon
did not depend on locomotor activity level and was
highly reproducible. The results are consistent with
previous studies from our laboratory [29, 45, 46].

We have demonstrated previously that the tri-
cyclic antidepressants given chronically (1 h before
every stress session) counteracted the fighting be-
havior deficit induced by CUS procedure [45, 46].

In the present paper, we have shown that the
prolonged treatment with antidepressant drugs, of
another class, the selective 5-HT reuptake inhibi-
tors (SSRI), fluoxetine and fluvoxamine [6, 7], si-
milarly to tricyclic antidepressants [45, 46], resto-
red the aggressiveness to normal level in chroni-
cally stressed rats.

The antidepressant-like activity of fluoxetine
and fluvoxamine was also shown in other animal
models of “depression” [27, 35].

Unlike the used antidepressants, neither buspi-
rone, nor lorazepam or oxazepam, administered
chronically, prevented the fighting behavior reduc-
tion induced by CUS procedure.

The results of the present study are consistent
with the report of Sherman et al. [35] indicating
that chronic administration of antidepressants ef-
fectively attenuated the “learned helplessness” be-
havior (another model of “depression”), but anxio-
lytics were inactive in this test. Our findings con-
firm also Muscat at al.[27] observations that
fluoxetine, but not chlordiazepoxide, administered
chronically reversed the stress-induced anhedonia.
Nankai et al. [28] have also shown in the “learned
helplessness” model, that repeated administration
of anxiolytic drug, diazepam, did not produce the
recovery from the deficit of performance.

It must be underlined that the effect of chronic
treatment with fluoxetine, observed in this study,
“normalizing” the fighting behavior in chronically
stressed rats, was accompanied by locomotor sti-
mulation, unlikely to fluvoxamine or other antide-
pressants described in our previous papers [29, 45,
46]. In animal models, fluoxetine appears to be a spe-
cific and selective (with regard to its acute bio-
chemical pharmacology) inhibitor of 5-HT uptake,
not affecting other neurotransmitters and receptors
[6]. However Muscat et al. [27] have shown that ra-
cloprid, a specific dopamine (DA) D� receptor an-
tagonist [9] reversed the therapeutic effects of
fluoxetine in the chronic mild stress paradigm, sug-
gesting the role of DA system in the effect of
chronic fluoxetine treatment. Moreover, the results
of Tanda et al. [37] indicate that SSRI increase ex-
tracellular DA in the prefrontal cortex and suggest
that stimulation of DA transmission in this area
plays a role in their antidepressant properties. So
the participation of DA in the locomotor stimula-
tory effect of fluoxetine, observed in this study, is
possible.
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The present and other our studies [45, 46] have
revealed that the behavioral disturbances following
exposure to chronic stress (decrease in footshock-
induced fighting behavior) are sensitive to chronic
antidepressant treatment, but not to benzodiazepine
or nonbenzodiazepine anxiolytics. It is also sug-
gested that the lack of the effect of anxiolytics in
the models of “depression” may be explained by
the mechanisms underling the action of these drugs
which are different from those of antidepressants.

The recovery of aggressiveness to normal level
in stressed rats after chronic treatment with clini-
cally active antidepressants, fluoxetine and fluvox-
amine, suggests a role of the brain 5-HT and/or DA
[27, 37] in prevention of behavioral deficits in-
duced by the chronic stress.

Buspirone, the partial 5-HT%& receptor agonist
[13, 41], was introduced in the late 1980s as a novel
therapeutic agent for the treatment of anxiety [4].
Moreover, it is also clinically effective antidepres-
sant [14, 32, 33]. Therapeutic efficacy of buspirone
can be seen after a period of chronic treatment [34,
38]. Studies have shown a lack of affinity of buspi-
rone for the benzodiazepine-GABA receptor com-
plex [5, 40]. The majority of the available studies
suggest that buspirone exerts its therapeutic effects
through 5-HT%& receptor activation [17]. However,
Pich and Samanin [31] suggested DA system in-
volvement in the anxiolytic effect of buspirone, the
suggestion supported by antagonistic affinity of
buspiron for the D� receptor [26].

Buspirone has been reported to be active in
some animal tests/models of “depression”. It has
been shown to decrease immobility time in the
forced swimming test [10, 42] or to reduce “learned
helplessness” [16].

The lack of facilitatory effect of buspirone on
fighting behavior in chronically stressed rats in
spite of effectiveness of the remaining drugs acti-
vating 5-HT system (fluoxetine and fluvoxamine)
might be probably explained by its diverse influ-
ence upon the DA system [26, 27, 31, 37].

There is evidence that shock-induced fighting
behavior is a kind of affective aggression, primarily
defensive in nature [8]. The reduction of this kind
of aggression seems to be specific effect of chronic
stress [29, 45, 46].

Based on our and other [27–29, 35, 45, 46] find-
ings, it may be concluded that fluoxetine and flu-
voxamine, similarly to tricyclic antidepressants,
administered chronically, may prevent the defen-

sive reaction deficit induced by the chronic stress,
and that 5-HT system (beside other neurotransmit-
ters) may be involved in this effect of antidepres-
sant treatment.

On the contrary, the anxiolytic drugs seems to
be ineffective in prevention of “depressive” reac-
tions induced by the chronic stress.
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