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Blood Cytokine Profile in Rats with Various Behavioral 
Characteristics after a Single Exposure to Long-Term Stress
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Changes in the blood cytokine profile of rats with different behavioral activity were evaluated 
in various periods after stress exposure on the model of 24-h immobilization. Behaviorally 
active animals exhibited only a tendency to a change in the concentration of study cytokines 
in the dynamics after experimental stress. Stress exposure in passive specimens was accom-
panied by a decrease in the content of pro- and anti-inflammatory cytokines. These changes 
were most pronounced at the early stages of the post-stress period and persisted until the end 
of observations. After a single exposure to long-term immobilization, cytokine level in the 
peripheral blood of behaviorally passive animals was much lower than in active rats. Varia-
tions in immune indexes of mammals depend on the initial parameters of their behavior and 
duration of the post-stress period. Differences in the blood cytokine profile during negative 
emotiogenic exposures in passive and active rats are probably related to the specifics of im-
mune reactivity in specimens with various sensitivities to stress.
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The basic works of H. Selye formulate the notions of 
stress as a general adaptation syndrome of the body 
[15]. Stress was believed to be the nonspecific re-
sponse of the body, which is characterized by succes-
sive stages of alarm, resistance, and exhaustion.

A paradoxical situation exists in numerous stu-
dies of emotional stress and associated psychosomatic 
disease [5]. In the majority of researches, a study of 
physiological, biochemical, genetic, and other indexes 
of stress is based on the analysis of averaged data. 
However, the real nature of various manifestations of 
emotional stress, as well as the systemic mechanisms 
of the body’s stress response cannot be understood 
only from the mean values.

A large body of evidence indicates that the seve-
rity of physiological dysfunction during negative emo-
tiogenic exposures differs significantly in various in-

dividuals [5,10]. In experimental researches, studying 
the open-field behavior of rats is used to predict their 
sensitivity to stress factors. For example, the survival 
rate of behaviorally active specimens after experimen-
tal stress is higher than that of passive animals [3]. 
These data suggest that stress is not the nonspecific 
reaction of living organisms to extreme exposures. 
Under similar stress conditions, these reactions differ 
in stress-resistant and stress-predisposed specimens.

In modern medicine, there is a tendency toward 
the individual evaluation of similar nosological forms 
of diseases (e.g., stress-induced disorders) and corre-
sponding approaches to the pharmacological treatment 
[6]. Previous studies showed that psychoemotional 
stress can be accompanied by a change in the immune 
status [8,14]. Special attention in this regard is paid to 
cytokines. These polypeptide transmitters of the cell-
to-cell interaction have high immunomodulatory activ-
ity. Previous studies revealed that stress exposures of 
various types are followed by a change in the ratio of 
pro- and anti-inflammatory cytokines in mammalian 
tissues [9,12].
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Many adverse consequences of stress are formed 
after the termination of extreme loads. Therefore, 
studying the processes at various stages after nega-
tive emotiogenic exposures is important to develop 
new approaches to the prevention of post-stress dys-
function. It is necessary to evaluate the specifics of 
stress-induced disturbances in specimens with various 
parameters of behavior, which are characterized by 
differences in the systemic organization of functions 
under normal and pathological conditions.

Previous studies showed that immune compounds 
are involved in the regulation of physiological func-
tions in mammals. However, there are contradictory 
data on the specifics of cytokine production and secre-
tion at various stages of the post-stress period. Dif-
ferences in the cytokine profile of biological tissues 
in specimens with various prognostic resistances to 
similar stress factors at the early and late stages after 
a single exposure to long-term emotiogenic loads re-
main unknown.

This work was designed to study a change in the 
concentration of pro- and anti-inflammatory cytokines 
in the blood of rats with different behavioral activity 
in various periods after a single exposure to long-term 
stress.

MATERIALS AND METHODS

Experiments were performed on 68 male Wistar rats 
weighing 255.6±2.8 g. The animals were housed in 
a vivarium under the artificial light/dark cycle (9.00-
21.00, lightness; 21.00-9.00, darkness) and fed a 
standard diet. The experiment was conducted in ac-
cordance with the Rules of Studies on Experimental 
Animals (approved by the Ethics Committee of the 
P. K. Anokhin Research Institute of Normal Physiol-
ogy; protocol No. 1, September 3, 2005), requirements 
of the World Society for the Protection of Animals 
(WSPA), and European Convention for the Protection 
of Experimental Animals.

Behavioral characteristics of animals were evalu-
ated in the open-field test for 3 min [3]. To calculate 
the index of activity, the sum of crossed peripheral 
and central squares, peripheral and central rearing pos-
tures, and explored objects was divided by the sum 
of the latency of the first movement and entry into 
the center of the open field. Depending on the initial 
parameters of behavior, the rats were divided into pas-
sive (n=36) and active specimens (n=32), which dif-
fered in the average index of activity (0.39±0.03 and 
3.00±0.36, respectively).

In the follow-up period, they were randomized 
into 4 groups of passive animals and 4 groups of ac-
tive animals. Each of these groups consisted of 9 and 
8 rats, respectively. Behaviorally passive and active 

specimens of groups 1 and 2 served as the control. 
These animals were handled and maintained in home 
cages for 24 h before decapitation. Other rats were 
subjected to long-term stress on the model of im-
mobilization in individual plastic tubes for 24 h. The 
animals were decapitated 1 day (groups 3 and 4), 3 
days (groups 5 and 6), or 8 days (groups 7 and 8) 
after restraint stress. The model of stress was selected 
since this exposure is accompanied by the appearance 
of some signs for cell atrophy and necrobiosis, as well 
as by the depletion of lipids in all zones of the adrenal 
glands [1]. Moreover, 24-h immobilization is followed 
by general manifestations of the body’s stress response 
(involution of the thymus and spleen; and pronounced 
increase in plasma cortisol level) [13].

The blood was collected after decapitation of rats. 
Blood plasma was stored at -70oC. The concentration 
of proinflammatory (IL-1α, IL-1β, IL-2, IL-5, IL-6, 
and IFNγ) and anti-inflammatory cytokines (IL-4 and 
IL-10) in rat blood plasma was measured on a Bio-
Plex device (Bio-Rad Laboratories) with cytokine as-
say kits (Bio-Plex Pro Rat Cytokine Th1/Th2 Assay).

The results were analyzed by the corresponding 
statistical and analytical methods (Statistica 8.0, Mi-
crosoft Excel 2007) and Bio-Plex Manager software 
(version 4.1). The statistical significance of differences 
in the concentration of rat blood cytokines was evalu-
ated by nonparametric Wilcoxon’s T test and Mann—
Whitney U test. The significance level was 5%. The 
numerical data are shown as M±SEM.

RESULTS

Under basal conditions, the concentration of pro- and 
anti-inflammatory cytokines in blood plasma of beha-
viorally active rats was slightly higher than in passive 
specimens (Tables 1, 2). However, these between-
group differences were not statistically significant.

In stage I, variations in the level of blood plasma 
cytokines in behaviorally active specimens were ana-
lyzed at various periods after a single exposure to 24-h 
restraint stress (Table 2). It should be emphasized that 
active animals exhibited only a tendency to a change 
in cytokine concentration under these conditions (not 
statistically significant).

Proinflammatory cytokines of the blood in ac-
tive rats. The content of IL-1β and IL-5 in behavior-
ally active rats remained unchanged on days 1, 3, and 
8 after long-term acute stress. The concentrations of 
IL-2 and IL-6 in the peripheral blood of these speci-
mens increased 1 day after restrain stress (by 31.2 and 
68.2%, respectively, in comparison with the control). 
The level of these cytokines returned to the baseline on 
day 3 after immobilization and remained unchanged to 
the end of observations (day 8). The content of IL-1α 
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in blood samples from active animals was slightly ele-
vated 1 day after stress (by 23.7%), decreased below 
the baseline on day 3, but then increased and did not 
differ from the control on day 8. IFNγ concentration 
in blood plasma of behaviorally active specimens was 
characterized by the following waveform changes af-
ter 24-h immobilization: day 1, more than a 2-fold 
increase in comparison with the control; day 3, 71.4% 
decrease in comparison with that in the previous stage 
(p<0.05); and day 8, repeated rise above the baseline 
(by 73.1%).

Anti-inflammatory cytokines of the blood in 
active rats. Immobilization of behaviorally active rats 
for 24 h induced the following waveform changes of 
IL-4 concentration in the peripheral blood: day 1, rise 
by 27.6%; day 3, decrease below the baseline; and day 
8, increase to the control level. IL-10 content in the 

blood of these animals did not change on day 1 after 
stress exposure, but decreased by day 3 (by 41.5% in 
comparison with the control) and remained low until 
the end of observations (day 8).

Then we studied a change in blood cytokine con-
centration in behaviorally passive rats at various peri-
ods after long-term acute stress (Table 1).

Proinflammatory cytokines of the blood in pas-
sive rats. The content of IL-1β and IL-2 in behavio-
rally passive rats remained unchanged in the dynamics 
after 24-h restrain stress. Stress exposure was accom-
panied by similar variations in the level of other pro-
inflammatory cytokines in animals of this group. The 
concentrations of IL-1α, IL-5, IL-6, and IFNγ in blood 
plasma from passive specimens decreased by day 1 af-
ter experimental stress (by 44.3, 17.3, 44.1, and 57.5%, 
respectively; p<0.05 in comparison with the control). 

TABLE 1. Cytokine Concentration in Blood Plasma of Behaviorally Passive Rats at Various Periods after Long-Term Acute 
Stress (pg/ml, M±SEM)

Cytokines Control (intact)
Time after 24-h restraint stress

day 1 day 3 day 8

IL-1α 343.32±64.37 191.19±43.94*о 252.12±84.38 181.56±57.35

IL-1β 2434.43±66.37 2350.09±47.72 2339.59±94.40 2304.69±54.27

IL-2 684.08±170.12 515.91±99.49о 586.13±174.15 433.42±131.98

IL-5 1676.02±137.18 1385.54±115.40* 1404.87±145.47 1378.76±143.30

IL-6 181.86±47.42 101.67±26.22*о 162.25±75.08 80.91±22.10о

IFNγ 344.56±95.49 146.41±43.86*оо 343.28±113.11 159.89±40.04о

IL-4 736.96±270.01 302.88±45.05*о 181.78±45.08*о 337.58±138.55о

IL-10 805.45±207.21 503.99±110.76*о 415.16±72.47о 430.64±118.49

Note. *p<0.05 in comparison with the control; op<0.05 and oop<0.01 in comparison with active rats.

TABLE 2. Cytokine Concentration in Blood Plasma of Behaviorally Active Rats at Various Periods after Long-Term Acute 
Stress (pg/ml, M±SEM)

Cytokines Control (intact)
Time after 24-h restraint stress

day 1 day 3 day 8

IL-1α 381.82±120.43 472.25±152.25 337.51±112.96 413.62±146.09

IL-1β 2510.16±120.34 2581.47±119.89 2435.51±90.86 2502.37±132.60

IL-2 862.66±298.53 1131.97±276.34 746.60±251.05 760.25±203.68

IL-5 1834.06±271.62 1850.52±243.85 1582.70±234.59 1559.93±226.63

IL-6 223.42±102.00 375.78±151.36 237.68±94.23 247.96±89.72

IFNγ 359.80±148.59 839.42±295.28 239.74±101.69+ 622.94±209.31х

IL-4 993.63±459.19 1267.51±529.63 785.26±408.16 1025.42±460.88

IL-10 1270.19±465.21 1226.86±392.55 743.26±232.85 826.23±338.59

Note. p<0.05 in comparison with +day 1 after stress, xday 3 after stress.
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The content of study cytokines slightly increased by 
day 3, but then decreased (day 8) and practically did 
not differ from that on day 1 (47.1, 17.7, 55.5, and 
53.6% below the baseline, respectively).

At all stages of the post-stress period, the lev-
el of proinflammatory cytokines in blood plasma of 
beha viorally passive rats was lower than in active 
specimens (Tables 1 and 2). Statistically significant 
between-group differences were found for the concen-
trations of the following cytokines: IL-1α, IL-2, IL-6, 
and IFNγ on day 1 after stress (by 2.5, 2.2, 3.7, and 5.7 
times, respectively, p<0.05-0.1); and IL-6 and IFNγ 
on day 8 (by 3.1 and 3.9 times, respectively, p<0.05).

Anti-inflammatory cytokines of the blood in 
passive rats. Plasma IL-4 concentration in passive 
rats progressively decreased on days 1 and 3 after 
restraint stress (by 58.9 and 75.3%, respectively; 
p<0.05 in comparison with the control). The con-
tent of this cytokine increased by the 8th day, but 
remained 54.2% below the baseline. Long-term 
acute stress was accompanied by a decrease in IL-10 
concentration in the blood of behaviorally passive 
specimens on day 1 of the study (by 37.4%, p<0.05 
in comparison with the control). In the follow-up 
period, the level of this cytokine did not change and 
remained below the baseline.

On days 1, 3, and 8 after the exposure to stress, 
the concentration of anti-inflammatory cytokines in the 
peripheral blood of passive rats was much lower than 
in active animals (Tables 1 and 2): IL-4, by 4.2, 4.3, 
and 3.0 times, respectively (p<0.05); and IL-10, by 
2.4, 1.8, and 1.9 times, respectively (p<0.05).

Table 3 shows the general scheme, which illus-
trates the direction of changes in the level of proin-

flammatory and anti-inflammatory cytokines in the 
peripheral blood of behaviorally passive and active 
rats at various periods after a single exposure to long-
term stress.

We conclude that stress exposure on the model 
of 24-h immobilization has a specific effect on the 
blood cytokine profile in rats with various behavioral 
parameters in the open-field test. Behaviorally active 
animals exhibit only a tendency to a change in the 
concentration of study cytokines in the dynamics after 
experimental stress. However, passive specimens are 
characterized by severe post-stress disturbances in the 
blood cytokine profile. Stress exposure in these rats 
is accompanied by a decrease in the content of pro-
inflammatory and anti-inflammatory cytokines. These 
changes are most pronounced at the early stages of the 
post-stress period (day 1) and persist until the end of 
observations (day 8). After a single exposure to long-
term immobilization, cytokine level in the peripheral 
blood of behaviorally passive animals was much lower 
than in active specimens.

Our results complement the data on immune 
dysfunction in mammals under negative emotiogen-
ic conditions. The exposure to various stress factors 
can be followed not only by a significant decrease in 
functional activity of the immune system, but also by 
activation of its components. The direction of changes 
in immune indexes strongly depends on the intensity 
and duration of stress exposure. Generally, weak and 
short exposure to stressors has an immunostimulatory 
effect. By contrast, strong and long-term stress expo-
sures produce an inhibitory effect, which is manifested 
in a decrease in immune activity [7,11]. We found that 
immunosuppression (decrease in blood cytokine level 

TABLE 3. Direction of Changes in the Concentration of Proinflammatory and Anti-Inflammatory Cytokines in the Blood of 
Behaviorally Passive and Active Rats at Various Periods after a Single Exposure to 24-h Restraint Stress (Relative to the 
Baseline)

Cytokines
Proinflammatory Anti-inflammatory

IL-1α IL-1β IL-2 IL-5 IL-6 IFNγ IL-4 IL-10

Passive rats

Day 1 after stress ↓↓ ↓↓ — ↓↓ — ↓↓ ↓↓ ↓↓

Day 3 after stress ↓ ↓ — ↓ — ↓ ↓↓ ↓

Day 8 after stress ↓ ↓ — ↓ – ↓ ↓ ↓

Active rats

Day 1 after stress  ↑  ↑  ↑ — —  ↑ ↑ —

Day 3 after stress ↓ ↓ — — — — ↓ —

Day 8 after stress — ↑ — — — — — ↓

Note. — , no differences from the control; single arrows, tendency to a change compared to the control (p>0.05); double arrows, statistically 
significant changes compared to the control (p<0.05).
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after 24-h immobilization) occurs only in behaviorally 
passive specimens, which are prognostically predis-
posed to adverse consequences of stress.

This study continues our previous researches on 
the type of changes in the cytokine profile of biologi-
cal tissues in mammals under extreme conditions. For 
example, we showed that cytokine level in the plasma 
of behaviorally active rats decreases immediately af-
ter 1-h immobilization with a simultaneous delivery 
of subthreshold electrocutaneous stimulation. Under 
these conditions, passive specimens were characte-
rized by the accumulation of a proinflammatory cyto-
kine IL-1β and anti-inflammatory cytokine IL-4 in the 
peripheral blood [2]. Experiments on another model 
of acute stress (12-h immobilization in the nighttime 
period) revealed that a decrease in the concentration 
of most pro- and anti-inflammatory cytokines in pas-
sive animals is most pronounced immediately and 
particularly 3 days after the exposure [4]. Changes 
in the blood cytokine profile at various periods af-
ter experimental stress were less significant in active 
specimens. They were characterized by a decrease in 
the concentration of a proinflammatory cytokine IL-1α 
and anti-inflammatory cytokines IL-4 and IL-13 (com-
pared to the control). As differentiated from passive 
rats, these changes in active animals were observed  
1 day after negative emotiogenic exposure.

Our results indicate that variations in immune in-
dexes of mammals depend on the type of stress and 
duration of the post-stress period. Differences in the 
blood cytokine profile during negative emotiogenic 
exposures in behaviorally passive and active rats are 
probably related to the specifics of immune reactivity 
in specimens with various sensitivities to stress.

REFERENCES

 1. Ivanova IK, Shantanova LN, Balkhayev IM, Lonshakova KS. 
The effects of phytoadaptogene “polyphytoton” on the struc-
ture of white rat’s adrenal by immobilizative stress. Acta Bio-
medica Scientifica. 2011;(1-2):142-144. Russian.

 2. Kalinichenko LS, Koplik EV, Pertsov SS. Cytokine profile 
of peripheral blood in rats with various behavioral charac-

teristics during acute emotional stress. Bull. Exp. Biol. Med. 
2014;156(4):441-444.

 3. Koplik EV. A method for determining the criterion of rat re-
sistance to emotional stress. Vestn. Novukh Med. Tekhnol. 
2002;9(1):16-18. Russian.

 4. Pertsov SS, Kalinichenko LS, Koplik EV, Alekseeva IV, Kir-
baeva NV, Sharanova NE, Vasil’ev AV. Dynamics of cytokine 
concentration in the blood of rats with various behavioral 
characteristics after acute emotional stress. Ross. Fiziol. Zh. 
2015;101(9):1032-1041. Russian.

 5. Sudakov KV. Selected Works. Vol. 3. Emotions and Emotional 
Stress. Moscow, 2012. Russian.

 6. Sudakov KV, Kotov AV, Pertsov SS. Experimental approach-
es to personalized medicine: dependence of pharmacological 
effects on animal behavior. Vestn. Ural. Med. Akad. Nauki. 
2004;(1):51-57. Russian.

 7. Aarstad HJ, Kolset SO, Seljelid R. The effect of stress in vivo 
on the function of mouse macrophages in vitro. Scand. J. Im-
munol. 1991;33(6):673-681.

 8. Elwenspoek MMC, Kuehn A, Muller CP, Turner JD. The ef-
fects of early life adversity on the immune system. Psychoneu-
roendocrinology. 2017;82:140-154.

 9. Gill SK, Teixeira A, Rama L, Prestes J, Rosado F, Hankey J, 
Scheer V, Hemmings K, Ansley-Robson P, Costa RJ. Circula-
tory endotoxin concentration and cytokine profile in response 
to exertional-heat stress during a multi-stage ultra-marathon 
competition. Exerc. Immunol. Rev. 2015;21:114-128.

10. Hyland NP, O’Mahony SM, O’Malley D, O’Mahony CM, 
Dinan TG, Cryan JF. Early-life stress selectively affects gas-
trointestinal but not behavioral responses in a genetic model 
of brain-gut axis dysfunction. Neurogastroenterol. Motil. 
2015;27(1):105-113.

11. Katafuchi T. Involvement of brain cytokines in stress-induced 
immunosuppression. Neuroimmune Biology. Vol. 6. Korneva 
HA, Phelps C, eds. Amsterdam, 2008. P. 391-401.

12. Kitaoka S, Furuyashiki T. Roles of inflammation-related mol-
ecules in emotional changes induced by repeated stress. Nihon 
Shinkei Seishin Yakurigaku Zasshi. 2014;34(4):109-115.

13. Naryzhnaya NV, Maslov LN, Vychuzhanova EA, Sementsov 
AS, Podoksyonov YK, Portnichenko AG, Lishmanov YB. Ef-
fect of hypoxic preconditioning on stress reaction in rats. Bull. 
Exp. Biol. Med. 2015;159(4):450-452.

14. Porcelli B, Pozza A, Bizzaro N, Fagiolini A, Costantini MC, 
Terzuoli L, Ferretti F. Association between stressful life events 
and autoimmune diseases: A systematic review and meta-anal-
ysis of retrospective case-control studies. Autoimmun. Rev. 
2016;15(4):325-334.

15. Selye H. The Stress of Life. New York, 1956.

Bulletin  of  Experimental  Biology  and  Medicine,  Vol.  165,  No.  2,  June,  2018  GENERAL PATHOLOGY AND PATHOPHYSIOLOGY


	ABSTRACT
	MATERIALS AND METHODS
	RESULTS
	REFERENCES



