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We studied the effect of interleukin-1β on the behavior of rats with different individual ty-
pological characteristics during mild stress in the open-fi eld test. Intraperitoneal injection of 
interleukin-1β (5 μg/kg, 108 U/mg) was followed by a decrease in orientation and exploratory 
activity of passive and, particularly, of active animals in the open fi eld. As differentiated from 
rats receiving physiological saline, the initial differences in behavioral characteristics of active 
and passive animals were not revealed in the repeated test after injection of interleukin-1β. We 
conclude that interleukin-1β abolishes the behavioral differences between active and passive 
specimens in the open fi eld. These data suggest that administration of interleukin-1β to rats 
leads to reorganization of the mechanisms for emotional evaluation of adverse emotiogenic 
factors under conditions of mild stress in the open-fi eld test.
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The open-fi eld test is extensively used for evaluation 
of animal resistance to emotional stress before confl ict 
situation [9]. Activity of rats in the open fi eld is a reli-
able prognostic criterion for the resistance of animals 
to stress exposure [3]. Behaviorally active rats are 
more resistant to adverse consequences of emotional 
stress than passive specimens.

Many investigators believe that open fi eld testing 
is a mild stress for rats [7,13-15]. According to some 
reports, open-fi eld testing of animals is followed by 
changes typical of the stress response. They include an 
increase in the number of c-Fos-positive cells in brain 
structures [11], decrease in the cytotoxi city of natural 
killer cells in the blood and spleen [15], elevation of 
blood pressure and heart rate [13], and hyperthermia 
[10,12].

Previous studies showed that immunomodulatory 
compounds play a role in the formation of biological 

motivations and emotional reactions (main components 
in the systemic organization of human and animal be-
havior) [6]. Special attention is paid to interleukin-1β 
(IL-1β), one of the major triggers of a cascade of im-
mune processes in the organism [2]. IL-1 has at least 
50 biological functions. The cells of nearly all organs 
and tissues serve as the target for this compound. A 
large body of evidence exists that IL-1β is involved in 
the pathogenesis of emotional stress in mammals [8]. 
IL-1β produces a specifi c effect on the cytokine profi le 
of blood serum [5] and functional state of lymphoid 
structures in the gastrointestinal tract of active and 
passive rats under stress conditions [1]. Hence, this 
cytokine plays a particular role in the stress response 
in animals with different emotional reactivity.

Here we studied the effect of IL-1β on the behav-
ior of rats with various individual typological charac-
teristics during mild stress in the open fi eld test.

MATERIALS AND METHODS

Experiments were performed on 85 male Wistar rats 
weighing 346.8±4.1 g. The animals were housed in 
cages (4-5 specimens per cage) at 20-22oC and artifi -
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cial light/dark cycle (8.00-20.00, lightness; 20.00-8.00, 
darkness). They had free access to water and food. 
The animals were adapted to laboratory conditions 
for 5 days after delivery to the laboratory. The experi-
ment was conducted in accordance with the “Rules of 
Stu dies on Experimental Animals” (approved by the 
Ethics Committee of the P. K. Anokhin Institute of 
Nor mal Physiology; protocol No. 1, 3.09.2005), re-
quirements of the World Society for the Protection of 
Animals (WSPA), and European Convention for the 
Protection of Experimental Animals.

Individual typological characteristics of rats were 
evaluated in the fi rst session of the open fi eld test over 
3 min [3]. The open fi eld was a round area (90 cm 
in diameter) surrounded by walls (40 cm in height). 
There were 8 vertical bars (13 cm in height) on the 
fl oor. The area was divided into 19 central squares and 
18 peripheral squares. It was illuminated with a 100 
W lamp. To calculate the index of activity, the sum of 
crossed peripheral and central squares, peripheral and 
central rearing postures, and explored objects was di-
vided by the sum of the latency of the fi rst movement 
and entry into the center of the open fi eld.

Depending on the initial behavior in the open-fi eld 
test, the animals were divided into groups of active 
(n=35), passive (n=23), and intermediate specimens 
(n=27). These animals differed in the mean index of 
activity: passive rats, 0.51±0.04; intermediate rats, 
1.35±0.07; and active rats, 4.12±0.49. Further experi-
ments were performed on active and passive animals 
with the “extreme” patterns of behavioral activity.

The effect of IL-1β on behavioral characteristic of 
rats during mild stress in the open fi eld was studied 
on day 30 after the fi rst test. IL-1β in a dose of 5 μg/
kg (activity 108 U/mg) was dissolved in 1 ml sterile 
physiological saline. Physiological saline (1 ml) or 

IL-1β was injected intraperitoneally 1 h before the re-
peated session in the open fi eld. The animals were di-
vided into the following 4 groups: group 1, active rats 
receiving physiological saline (n=15); group 2, active 
rats receiving IL-1β (n=20); group 3, passive rats re-
ceiving physiological saline (n=10); and group 4, pas-
sive rats receiving IL-1β (n=13). Human recombinant 
IL-1β was obtained from the State Research Institute 
of Highly Pure Biopreparations (Federal Medical and 
Biological Agency of Russia).

The signifi cance of between-group differences 
was evaluated by nonparametric Mann–Whitney test. 
The data are presented as M±m.

RESULTS

During the fi rst session in the open fi eld, the activity 
index of behaviorally active rats was 8.08-fold higher 
than that of passive animals (4.12±0.49 and 0.51±0.04, 
respectively, p<0.01; Fig. 1).

The activity index of active rats receiving physio-
logical saline was shown to decrease during the re-
peated open-fi eld testing (by 3.01 times compared to 
the baseline, 1.37±0.46, p<0.05). These changes were 
not observed in behaviorally passive animals of the 
corresponding group (activity index 0.55±0.22).

Administration of IL-1β was followed by a sig-
nifi cant decrease in the open-fi eld behavior of rats. The 
index of behavioral activity during the repeated ses-
sion was reduced in passive (by 2.04 times, 0.25±0.06, 
p<0.05) and, particularly, in active rats receiving IL-1β 
(by 12.87 times, 0.32±0.12, p<0.01). After injection 
of IL-1β, the activity index of active (p<0.05) and 
passive rats was much lower than that of animals re-
ceiving physiological saline (by 4.28 and 2.20 times, 
respectively).

Fig. 1. Behavior of active (a) and passive rats (b) during the first (I) and repeated test (II) in the open field after single injection of physi-
ological saline (PS) or IL-1β. *p<0.05 and **p<0.01 compared to the first test; +p<0.05 compared to physiological saline; xp<0.05 and 
xxp<0.01 compared to passive rats.
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The decrease in locomotor activity of rats during 
repeated open-fi eld test refl ects natural extinction of 
orientation and exploratory behavior, which is high-
est in a novel environment. The observed changes 
can be associated with repeated exposure of animals 
to stressogenic factors (bright light, reduced freedom 
of movement, etc.) under these conditions. The initial 
differences in behavioral characteristics of active and 
passive specimens were also observed during the re-
peated session in the open fi eld.

Our fi ndings are consistent with the results of be-
havioral experiments with rats under conditions of 
the natural light/dark cycle [4]. As differentiated from 
passive animals, the total locomotor activity of active 
rats was signifi cantly reduced in the repeated open-
fi eld test during the daytime period (14th day after 
the fi rst test).

We showed that IL-1β produces various effects 
on rats with different behavioral patterns during mild 
stress in the open fi eld. The decrease in locomotor 
activity after injection of IL-1β was more pronounced 
in active animals than in passive specimens. As diffe-
rentiated from rats receiving physiological saline, the 
initial differences in behavioral characteristics of active 
and passive animals were not revealed in the repeated 
test after IL-1β injection. We conclude that IL-1β abo-
lishes the intergroup behavioral differences between 
active and passive specimens in the open fi eld.

The results of our study and published data sug-
gest that administration of IL-1β to rats is followed by 
reorganization of the mechanisms of emotional evalu-
ation of adverse emotiogenic factors under conditions 
of mild stress in the open fi eld test. In particular, it is 

manifested in a decrease in orientation and exploratory 
activity of animals in the open fi eld.

This work was supported by the grant of the Presi-
dent of Russian Federation for Support of Leading 
Scientifi c Schools of Russian Federation (grant No. 
NSh-3232.2008.4).
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