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We studied the effect of acute emotional stress and exogenous IL-1β (5 μg/kg intraperitone-
ally) on the cytokine profi le of blood serum in Wistar rats with various behavioral charac-
teristics in the open-fi eld test. Blood level of proinfl ammatory cytokine IL-1β decreased in 
behaviorally passive rats, but increased in active animals after simultaneous immobilization 
and electrocutaneous stimulation. These changes refl ect the opposite immune responses to 
a similar stress exposure in rats with different emotional reactivity. Poststress variations in 
the concentration of circulating IL-1β differed in rats receiving exogenous IL-1β. Blood cy-
tokine concentration decreased in behaviorally active rats, but remained unchanged in passive 
animals that were exposed to immobilization and electrocutaneous stimulation after pretreat-
ment with IL-1β. Emotional stress and injection of IL-1β had no effect on blood level of an 
anti-infl ammatory cytokine IL-4 in rats. Our results indicate that rats with various behavioral 
parameters are characterized by signifi cant differences in the cytokine profi le of blood serum 
under conditions of emotional stress and treatment with IL-1β. These data illustrate the spe-
cifi c functional features of immune mechanisms, which provide an individual resistance of 
rats to the same stress exposure.
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A large body of evidence indicates that psychoemo-
tional stress is accompanied by impairment of im-
mune functions in mammals [9]. Immune dysfunc-
tion contributes to individual predisposition to stress 
factors.

The pathogenesis of immune dysfunction during 
emotional stress involves changes in the cytokine pro-
fi le. Cytokines are polypeptide transmitters of cell-
cell interaction playing a regulatory role in normal 

physiological functions and progression of the defense 
response to foreign factors and impairment of tissue 
integrity [1]. Much attention is paid to the superfa mily 
of IL-1. IL-1β plays a trigger role and induces the 
cascade of cytokine secretion in the organism. IL-1β is 
one of the transmitters of the acute phase of the stress 
response. This cytokine modulates functional acti -
vity of the hypothalamic—pituitary—adrenal axis [8]. 
Our previous studies demonstrated an antistress effect 
of IL-1β on rats. Intracerebroventricular injection of 
IL-1β to animals prevents gastric ulceration [3] and 
involution of the spleen [5] and modulates the oxida-
tive status of the hypothalamus and sensorimotor cor-
tex of the brain under conditions of water-immersion 
stress [4].
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The state of immune functions in mammals de-
pends on the relationship between proinfl ammatory 
(IL-1β, IL-2, IL-6, IFN-γ, TNF-α, etc.) and anti-in-
fl ammatory cytokines (IL-4, IL-10, IL-13, and trans-
forming growth factor-β).

Signifi cant differences were found in individual 
resistance of subjects to negative consequences of 
emotional stress [6,7]. Previous studies showed that 
behavioral activity of rats in the open-fi eld test serves 
as a reliable prognostic criterion for their resistance to 
stress [2]. Behaviorally active animals are prognosti-
cally more resistant to stress exposure than passive 
specimens.

Considerable evidence exists that immune com-
pounds are involved in the regulation of physiological 
functions in mammals. However, there are contradic-
tory data on the production and secretion of cytokines 
during emotional stress. We found no data on pos-
sible variations in the amount of proinfl ammatory and 
anti-infl ammatory cytokines in specimens with differ-
ent prognostic resistance to the same stress exposure. 
Little is known about the effect of exogenous IL-1β on 
changes in the cytokine profi le of the organism during 
psychoemotional stress.

Here we compared the concentrations of proin-
fl ammatory cytokine IL-1β and anti-infl ammatory cy-
tokine IL-4 in the blood of rats with various behavioral 
characteristics during the same stress exposure and 
administration of IL-1β.

MATERIALS AND METHODS

Experiments were performed on 40 male Wistar rats 
weighing 346.7±5.2 g. The experiment was conducted 
in accordance with the “Rules of Studies with Experi-
mental Animals” (approved by the Ethics Committee 
of the P. K. Anokhin Institute of Normal Physiology; 
protocol No. 1, 3.09.2005), requirements of the World 
Society for the Protection of Animals (WSPA), and 
European Convention for the Protection of Experi-
mental Animals. The animals were housed in cages 
(5 rats per cage) at 20-22oC and artifi cial light/dark 
cycle (8.00-20.00, lightness; 20.00-8.00, darkness). 
They had free access to water and food. The rats were 
adapted to laboratory conditions for 5 days after deli-
very to the laboratory.

Individual and typological characteristics of rats 
were evaluated in the open fi eld for 3 min [2]. To cal-
culate the index of activity, the sum of crossed periph-
eral and central squares, peripheral and central rearing 
postures, and explored objects was divided by the sum 
of the latency of the fi rst movement and entry into the 
center of the open fi eld.

The open-fi led test allowed us to reveal 20 active 
rats (prognostically resistant to stress) and 20 passive 

rats (prognostically predisposed to stress). Passive 
and active animals differed by the index of activity 
(0.51±0.04 and 4.21±0.59, respectively). Behaviorally 
active and passive rats were divided into 8 groups of 5 
specimens each (Table 1). IL-1β in a dose of 5 μg/kg 
(activity 108 U/mg) was dissolved in 1 ml physiological 
saline. Physiological saline (1 ml) or IL-1β was injected 
intraperitoneally to animals 1 h before stress exposure. 
Control (unstressed) rats received injection of physi-
ological saline or IL-1β 2 h before decapitation. Human 
recombinant IL-1β was obtained from the State Re-
search Institute of Highly Pure Biopreparations (Federal 
Medical and Biological Agency of Russia).

Simultaneous immobilization and electrocutane-
ous stimulation of rats served as a model of acute 
emotional stress. The animals were placed in individ-
ual plastic cages (length 16.5 cm, diameter 5.5 cm). 
Metal needle electrodes were inserted into the skin of 
the back to deliver stochastic electrocutaneous stimu-
lation with alternating current (1 msec duration, 4-6 
V voltage, 50 Hz frequency). The strength of stimu-
lation was selected individually by the vocalization 
threshold during electrostimulation. The duration of 
one session of electrostimulation was 30 or 60 sec. 
The animals were subjected to 12 sessions of 30-sec 
stimulation and 5 sessions of 60-sec stimulation over 
1 h of stress exposure. The time between repeated 
sessions of electrical stimulation was 90-180 sec. 
Control (unstressed) rats were maintained in home 
cages during this period.

Stressed rats and control animals were decapitated 
immediately after the experiment. The blood was col-
lected, maintained in tubes for 45-60 min, and centri-
fuged to obtain the serum. Serum samples were frozen 
at -20oC. The concentrations of IL-1β and IL-4 in rat 
blood serum were measured by enzyme immunoassay 
with ELISA kits for rat cytokines (IL-1-beta, BMS630; 
and IL-4, BMS628, Sigma).

Experimental data were analyzed by statistical and 
analytical methods. The signifi cance of intergroup dif-
ferences was evaluated by the nonparametric Mann—
Whitney test. The data are presented as means and 
standard errors.

RESULTS

In the initial state, behaviorally passive and active rats 
did not differ by the concentrations of IL-1β and IL-4 
in blood serum (Table 2).

Intraperitoneal injection of IL-1β was accompa-
nied by an increase in serum IL-1β concentration in 
active rats (by 1.85 times, p<0.05 compared to the 
initial level; Table 2).

Stress of simultaneous immobilization and elec-
trocutaneous stimulation was followed by various 
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changes in the concentration of proinfl ammatory cy-
tokine IL-1β in blood serum from behaviorally pas-
sive and active rats (Table 2). After acute stress the 
concentration of IL-1β in blood serum decreased in 
passive animals (by 3.35 times), but increased in ac-
tive specimens (by 2.54 times, p<0.05 compared to 
unstressed rats). These changes contribute to the ap-
pearance of signifi cant differences in IL-1β concen-
tration in the blood of rats. After immobilization and 
electrocutaneous stimulation, serum IL-1β concentra-
tion in active rats was 8.28-fold higher than in passive 
animals (p<0.01).

Exogenous IL-1β had a modulatory effect on 
stress-induced changes in the cytokine profi le of rat 
blood (Table 2). The concentration of this cytokine in 
the blood decreased by 6.25 times in behaviorally ac-
tive animals that were exposed to immobilization and 
electrocutaneous stimulation after pretreatment with 
IL-1β (p<0.01 compared to unstressed specimens). 
Serum IL-1β level in passive rats remained unchanged 
under these conditions.

Stress exposure (simultaneous immobilization and 
electrocutaneous stimulation) and administration of 
IL-1β had little effect on the concentration of an anti-
infl ammatory cytokine IL-4 in blood serum of beha-
viorally passive and active rats (Table 2).

Much attention is paid to studying the immune 
processes in mammals. However, there is no general 
agreement about a change in the cytokine profi le under 
conditions of emotional stress. Previous experiments 
revealed that in vitro production of IL-2 and IFN-γ by 
rat lymphocytes signifi cantly decreases after stress of 
intermittent electrocutaneous stimulation [15]. Other 
authors reported that stress exposure does not neces-
sarily inhibit the immune system. For example, plasma 
IL-6 concentration in rats increases over 30 min af-
ter the open-fi led test (model of psychological stress) 
[10]. Besides this, the production of IL-1β and TNF-α 

by isolated alveolar macrophages of rats increases af-
ter stress [14].

Stress exposure and physical load are followed 
by an increase in cytokine production in CNS [11]. 
Clinical observations of depressive patients revealed a 
relationship between psychological stress and elevated 
content of proinfl ammatory cytokines [12]. A stress-
induced increase in the concentration of proinfl am-
matory cytokines is accompanied by the resistance of 
neuroendocrine and immune tissues to glucocorticoids, 
which serves as one of the mechanisms for adaptation 
to stress factors [13].

Our experiments showed that simultaneous im-
mobilization and electrocutaneous stimulation do not 
affect the content of IL-4, but modulate the concentra-
tion of IL-1β in rat blood serum. Therefore, the forma-
tion of a negative emotional state in rats on this model 
of acute stress is mainly accompanied by variations of 
proinfl ammatory IL-1β, but not of anti-infl ammatory 
IL-4 in the blood.

We found that simultaneous immobilization and 
electrocutaneous stimulation are followed by various 
changes in blood IL-1β concentration in rats with dif-
ferent emotional reactivity. The concentration of this 
cytokine decreases in behaviorally passive animals, 
but increases in active specimens. These changes re-
fl ect the opposite immune responses to stress in rats 
with various behavioral characteristics. This model of 
stress is probably accompanied by inhibition of the 
immune function in passive animals (prognostically 
predisposed to stress). By contrast, active specimens 
(prognostically resistant to stress) exhibit activation 
of immune processes under conditions of acute stress. 
It is manifested in increased production of IL-1β by 
monocytes, macrophages, T and B lymphocytes, and 
other cells.

The decrease in serum IL-1β concentration in ac-
tive rats after cytokine pretreatment and stress expo-

TABLE 1. Experimental Groups of Rats (n=5)

Group Behavioral activity Injected solutions Experimental conditions

1 Active PS Control (unstressed)

2 Active IL-1β Control (unstressed)

3 Active PS Stress exposure

4 Active IL-1β Stress exposure

5 Passive PS Control (unstressed)

6 Passive IL-1β Control (unstressed)

7 Passive PS Stress exposure

8 Passive IL-1β Stress exposure

Note. Here and in Table 2: PS, physiological saline.
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sure can be related to several reasons. The production 
and secretion of IL-1β by immune cells are probably 
mediated by a negative feedback mechanism. We 
showed that injection of IL-1β is followed by an in-
crease in blood IL-1β concentration in unstressed ac-
tive rats. These changes can be followed by inhibition 
of endogenous IL-1β production.

Our results suggest that the exogenous cytokine 
is “consumed” in rats after pretreatment with IL-1β 
and exposure to acute stress. Under these conditions, 
the concentration of circulating cytokine is not recov-
ered due to inhibition of endogenous IL-1β produc-
tion via a negative feedback mechanism. Hence, the 
concentration of IL-1β in blood serum decreases in 
active rats.

These changes were not observed in behaviorally 
passive animals. Administration of IL-1β before stress 
exposure prevented the decrease in the concentration 
of IL-1β in blood serum from rats of this group. Pre-
treatment of stress-predisposed passive animals with 
IL-1β probably prevents inhibition of immune function 
under conditions of emotional stress.

We conclude that rats with different behavioral 
parameters are characterized by signifi cant intergroup 
differences in the cytokine profi le of blood serum dur-
ing the same stress exposure and administration of 
IL-1β. Acute emotional stress and treatment with exo-
genous IL-1β are mainly accompanied by changes in 
proinfl ammatory IL-1β, but not in anti-infl ammatory 
IL-4 in the blood of animals. These data illustrate the 
specifi c functional features of immune mechanisms, 
which provide individual resistance of rats to the same 
stress exposure.

This work was supported by the grant of the Presi-
dent of Russian Federation for Support of Leading 
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TABLE 2. Serum Cytokine Concentration in Rats of Various Experimental Groups (pg/ml, M±m)

Parameter, conditions

Active rats (n=20) Passive rats (n=20)

PS IL-1β PS IL-1β

IL-1β control (unstressed) 188.68±53.67 349.63±61.21x+ 194.29±50.44 164.61±60.13

stress exposure 479.63±135.78*++ 55.96±34.46**xx 57.96±34.84* 143.47±68.27

IL-4 control (unstressed) 25.05±4.73 25.16±3.56 25.94±3.12 26.27±1.67

stress exposure 21.05±4.48 31.87±5.80 23.95±2.55 23.40±2.35

Note. *p<0.05 and **p<0.01 compared to unstressed rats; +p<0.05 and ++p<0.01 compared to passive rats; xp<0.05 and xxp<0.01 compared 
to PS.
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