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Chronic Stress Reduces Fighting Behavior of
Rats: The Effect of Antidepressants
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ZEBROWSKA-LUPINA, 1., G. OSSOWSKA AND B. KLENK-MAJEWSKA. Chronic stress reduces fighting behavior of rats:
The effect of antidepressants. PHARMACOL BIOCHEM BEHAV 39(2) 293-296, 1991. —The effect of chronic stress (14 various
unpredictable stressors over 16 days) on electric footshock-induced fighting behavior of pairs of male Wistar rats was studied. The
influence of antidepressant drugs (imipramine, desmethylimipramine, nomifensine, clomipramine, mianserine and doxepine) ad-
ministered chronically (1 h before the stressor) on the aggressive behavior was also investigated in control and in stressed rats.
Moreover, the effect of chronic stress on noradrenaline (NA) utilization in the brain was estimated in control and in antidepres-
sant-treated rats. It was demonstrated that, in rats submitted to repeated unpredictable stress, the fighting behavior was signifi-
cantly reduced 48 and 72 h after the last stressor. NA utilization in the brain was decreased 72 h after the stress termination.
Prolonged treatment with antidepressant drugs restored the intensity of fighting behavior in stressed rats to control value as well as
normalized NA utilization in the brain. It is suggested that antidepressant drugs may counteract the affective aggression deficit
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induced by chronic stress.
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THE behavioral disturbances that follow chronic exposure to
different kinds of stress in animals bear similarities to clinical
depression with respect to etiology, symptomatology and respon-
siveness to treatment [review (2, 22, 23)]. The most significant
behavioral changes observed after chronic stress are: motor acti-
vation deficit, reduced food and water consumption, decreased
sleep and loss of normal aggressiveness (2, 11, 16, 21-23).

A prior history of stress is believed to be a possible precipi-
tant of certain forms of depression in humans and may intensify
a preexisting depression [review (2,22)].

In the last several years studies have demonstrated the utility
of a novel animal model of depression based upon acute or
chronic stress application (10, 11, 16, 21). One of the stress-
dependent models of depression was developed by Katz et al.
(10-12) who evoked chronic stress in rats which were subjected
to a variety of unpredictable stressors over a period of 2-3
weeks.

In the present study we investigated the effect of repeated
stress on electric footshock-induced fighting behavior in male
Wistar rats. The influence of antidepressant drugs given chroni-
cally on the intensity of the aggressive behavior was also stud-
ied in control and in stressed rats. Moreover, the effect of
chronic stress on NA utilization in the brain was estimated in
control and in antidepressant-treated rats.

METHOD
Animals

Subjects in this study were male Wistar rats (180-200 g),
housed six to a cage with free access to food (commercial rat
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chow, LSM) and water. The laboratory temperature was 18-
20°C with a natural light-dark cycle. All procedures were per-
formed between 0800 and 1400 h.

Procedure

The chronic stress regimen used was a variant of Katz et al.’s
(10-12) method. Various unpredictable stressors were adminis-
tered one per day (14 stressors over 16 days) as in Table 1.

Footshock-induced fighting behavior was elicited in rats after
Tedeschi et al. (18,19). The pairs of male rats were placed in a
glass cylinder (1523 cm) on a steel grid floor for 10-min ad-
aptation. Next, fighting was induced by electric footshock (in-
tensity 3 mA, impulse duration 0.3 s, rate 1/s). The number of
attacks (biting, boxing, fighting) were scored during 10 min of
painful stimulation. At first the pairs of rats were selected for
similar intensity of aggression, so that the initial mean numbers
of attacks in each group were approximate. Footshock-induced
fighting behavior was induced 24 h before the first session and
24, 48 and 72 h after the last session of chronic stress in the
same rats. A similar procedure was used in unstressed rats.

NA utilization in the whole brain of rats was estimated as
the rate of disappearance of the catecholamine after tyrosine hy-
droxylase inhibition with a-MT (250 mg/kg IP). The level of
NA was assayed spectrofluorometrically by the method of Chang
(5) as modified by Brodie et al. (4).

Drugs

The drugs used were: imipramine HCl (Polfa), desipramine
HCl1 (Geigy), nomifensine (Hoechst AG), clomipramine HCIl
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TABLE 1
CHRONIC STRESS REGIMEN
Days No. Stressor Time
1 1 Electric footshock 20s
(150 mA/0.2 s/2 s X 10)
2 2 Immobilization (temp. 20°C) 2h
3 3 Electric bell 5 min
4 4 Immobilization (temp. 4°C) 2h
5 5 Cold swim (temp. 12°C) 3 min
6 6 Light (600 W) 5 min
7-8 7 Food deprivation 48 h
9 8 Electric footshock 20 s
(150 mA/0.2 s/2 s X 10)
10 9 Immobilization (temp. 20°C) 2h
11 10 Electric bell S min
12 11 Immobilization (temp. 4°C) 2h
13 12 Cold swim (temp. 12°C) 3 min
14-15 13 Food deprivation 48 h
16 14 Electric footshock 20 s

(150 mA/0.2 s/2 s X 10)

(Geigy), mianserine HCI (Organon), doxepine (Polfa). All drugs,
as freshly prepared solutions or suspensions, were injected IP
once daily, during 14 days. Student’s ¢-test was used for the sta-
tistical analysis of data.

RESULTS

The Effect of Repeated Stress on Footshock-Induced Fighting
Behavior in Untreated Rats

In rats submitted to 14 various stressors the number of fight-
ing attacks was significantly reduced (by about 60%) 48 h and
72 h after the last session of repeated stress. Twenty-four h after
the stress, the intensity of fighting was diminished by about 50%
(nonsignificantly) (Fig. 1).

The Effect of Chronic Treatment With Antidepressant Drugs on
Footshock-Induced Fighting Behavior in Unstressed Rats

Prolonged (14 days) treatment with antidepressant drugs did
not change significantly the intensity of fighting behavior in un-
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FIG. 1. The effect of repeated (16-day) stress on electric footshock-in-
duced fighting behavior in control rats. The number of fighting attacks
(mean * SE) was recorded 24 h before the first session of stress and 24,
48 and 72 h after the last session of repeated stress in the same rats.
*p<0.05 and **p<<0.02 when compared to respective unstressed con-
trols. Six pairs of rats were used per group.
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FIG. 2. The effect of chronic (14-day) treatment with antidepressant
drugs on footshock-induced fighting behavior in unstressed rats. The
drugs were given IP once a day in the doses: imipramine (IMI), des-
methylimipramine (DMI), clomipramine (CLO), mianserine (MIA), dox-
epine (DOX) (all 10 mg/kg/day) and nomifensine (NOM) (2 mg/kg/day).
The number of fighting attacks (mean = SE) was recorded 24, 48 and 72
h after the last dose of drug in the same rats. Six pairs of rats were used

per group.

stressed rats. Only in clomipramine-treated rats the mean num-
ber of attacks increased by about 50%, 24 and 48 h after the
last dose of drug, but this effect was present only in 50% of
treated animals (result not significant) (Fig. 2).

The Effect of Prolonged Treatment With Antidepressant Drugs
on Footshock-Induced Fighting Behavior in
Chronically-Stressed Rats

In rats treated chronically (over 14 days) with antidepressants
the number of fighting attacks increased by 150-250% 48 h or
72 h after the stress termination. These results were statistically
significant (except clomipramine after 72 h) when compared
with the control group (untreated-stressed rats). Twenty-four h
after the last stressor only clomipramine and mianserine were
effective, increasing significantly the number of attacks by about
200% (Fig. 3). The mean number of attacks in antidepressant-
treated pairs of rats was similar to control unstressed-untreated
rats (see Fig. 2).
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FIG. 3. The effect of chronic (14-day) treatment with antidepressant
drugs on footshock-induced fighting behavior in chronically stressed rats.
The drugs were given once a day 1 h before the stressor. The number of
fighting attacks (mean =+ SE) was recorded 24, 48 and 72 h after the last
session of repeated stress in the same rats. *p<<0.05 and **p<0.01 when
compared to respective solvent-treated controls. Six pairs of rats were
used per group. For the abbreviations and the doses of drugs see Fig. 2.
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FIG. 4. Concentration of noradrenaline (mean = SE) in whole brain (ng/g
of tissue wet weight) of control and stressed rats, treated chronically with
antidepressant drugs and receiving a-methyl-p-tyrosine (a-MT). Antide-
pressant drugs were given over 14 days, once a day, 1 h before the
stressor. a-MT 250 mg/kg was administered in a single dose 72 h after
the last session of repeated stress. The rats were killed 2 h after the
injection of a-MT. *p<0.05 and **p<<0.01 when compared to respec-
tive solvent-treated controls. Each value is the mean of 8 determinations.
For the abbreviations and the doses of drugs see Fig. 2.

The Effect of Chronic Treatment With Antidepressant Drugs on
NA Utilization in the Brain of Chronically Stressed Rats

Neither chronic stress nor antidepressants alone change the
brain concentration of NA. In control unstressed rats o-MT de-
creased the level of NA by about 25%. Antidepressant drugs
(except clomipramine) did not influence the effect of a-MT in
these rats.

In rats submitted to chronic stress a-MT did not change the
brain concentration of NA. On the contrary, in stressed rats
treated chronically with antidepressants significant reduction of
NA after a-MT was noted (Fig. 4).

DISCUSSION

The results of the present study demonstrate that repeated ap-
plications of various kinds of stressors (over 16 days) decreased
significantly the shock-induced fighting behavior 48 or 72 h af-
ter the last session of stress. Preliminary experiments had shown
that the locomotor activity measured in ‘‘open field”” was not
reduced 48 h after the last session of 16-day stress when com-
pared with those of unstressed control rats (24). These results
indicate that the motor functions are fully efficient after this kind
of chronic stress.

Prolonged (over 14 days) treatment with antidepressant drugs
restored the intensity of fighting behavior of chronically stressed
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rats to the normal value. This effect was also the most spectacu-
lar 48 and 72 h after the last dose of the drug.

It should be pointed out that the antidepressants used (except
clomipramine) did not influence the fighting behavior in control
unstressed rats. These results are consistent with those of other
authors who found that shock-induced fighting was unaffected
or even decreased by tricyclic antidepressants (1, 6, 9, 17). On
the contrary, our results differ from those of previous papers
(8,14), in which shock-induced fighting in unstressed rats was
facilitated by chronic (14) or subchronic (8) treatment with anti-
depressant drugs. However, in those studies the facilitation of
aggression was observed after other doses (20 mg/kg) of antide-
pressants (8) or other times of observation (2 h) after the last
dose of antidepressant (14).

The main finding of our study is that repeated stress de-
creases the shock-induced fighting behavior and that prolonged
treatment with antidepressant drugs may counteract this effect of
chronic stress. These results parallel those obtained by Katz et
al. (10-12) and Soblosky (16), who found that prolonged treat-
ment with antidepressants ameliorates the other kinds of behav-
ioral deficits due to chronic stress.

There is considerable evidence that shock-induced fighting,
which is a kind of affective aggression, is primarily defensive in
nature (3, 13, 15, 20). Thus it may be concluded that chronic
stress decreases and antidepressant drugs given chronically ac-
tivates or normalizes a defensive system in rats.

The fact that simultaneously to the recovery of the normal
level of aggression the normalization of NA utilization in the
brain was observed under the influence of antidepressant drugs
indicates the role of NA in defensive behavior of rats. This sug-
gestion is confirmed by the observations that piperoxane, a drug
that functions as an alpha-adrenergic antagonist, facilitated shock-
induced fighting at a dose of 2.5 mg/kg but inhibited the behav-
ior at higher doses (7). On the other hand, the facilitation of
shock-induced fighting by antidepressants, in chronically stressed
rats, is inhibited by another alpha antagonist, prazosin, as well
as by DA antagonists (24).

The participation of other neurotransmitters in the mechanism
of the action of antidepressants given chronically on shock-in-
duced fighting in chronically stressed rats is actually being stud-
ied in our laboratory.

The results of the present study suggest that: 1) Repeated
stress with application of various unpredictable stressors de-
creases the affective aggression in rats. 2) Prolonged treatment
with antidepressant drugs may counteract the affective aggres-
sion deficit induced by chronic stress.
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