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The aim of the study was to analyze the dynamics of stress-specific indices of the body functional state, i.e. the level of 
catecholamines in blood plasma and spectral indices of heart rate variability (HRV) in repeated immobilization stress for identifying the 
effects of habituation.

Materials and Methods. The jugular veins of the rats (Long-Evans, n=6) were catheterized before the experiment. For immobilization, 
the animals were fixed mildly in a special hammock for 30 min daily during 5 days. In the process of rat immobilization as well as for 30 min 
before and 60 min after immobilization under the normal conditions in the home cage, ECG was noninvasively recorded for a subsequent 
HRV analysis based on the spectral indices. On experimental days 1, 3, and 5, blood was collected 30 min before immobilization (stage 1), 
5 min after it (stage 2), at the end of immobilization (stage 3), and 30 min after the end of the immobilization period (stage 4) to test the 
concentration of catecholamines in blood plasma.

Results. The effects of habituation to immobilization were found in the dynamics of catecholamine levels in blood plasma, heart rate, 
and HRV. The concentration of adrenaline and noradrenaline increased statistically significantly in the period of immobilization on the 
first experimental day and did not change significantly on the following days. Heart rate decreased significantly at stages 3 and 4 of the 
experiment (free behavior in the home cage after immobilization) on day 5 and remained at the initial high level on experimental days 1 
and 3. The total power of the HRV spectrum statistically significantly decreased in the immobilization period on all experimental days. On 
day 1, HRV remained reduced till stage 4 of the experiment. On days 3 and 5, the total power of the HRV spectrum was restored after 
immobilization up to the initial level by stage 4 of the experiment.

Conclusion. Five-day exposure of the animals to the repeated immobilization stress in a special hammock designed for their fixation 
in electrophysiological experiments resulted in habituation which is demonstrated by the dynamics of catecholamine level in the blood and 
HRV. The data obtained showed that the effects of habituation are displayed not only by the reduction of the stress activation intensity but 
by the decrease of its duration as well.
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Introduction

The interest to chronic stress is accounted for by 
the growing number of various diseases (especially 
cardiovascular) being their consequence [1]. The 
emphasis in chronic stress investigations is mainly 
focused on the dynamics of the individual’s state and 
identification of its markers in order to improve the 
diagnosis [2]. Experimental procedures of forming 

chronic stress in individuals are developed for this 
purpose [1]. In this experimental procedures (e.g. the 
model of unpredictable chronic mild stress [3]) great 
attention is paid to the avoidance of habituation effects, 
i.e. adaptation of the individual to the initial stress 
conditions. However, the phenomenology of habituation 
and its dynamics is poorly studied just as well as all the 
factors determining the processes occurring during the 
repeated stress [4]. 
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The habituation effects (or, vice versa, sensitization) 
during repeated stress are usually studied to test the 
models of stressors for the possibility of their multiple 
use in the experiments [5]. At the level of biochemical 
indices, no consistency of the effects in relation to 
habituation to the repeated stress-factor was found. 
Thus, the repetition of the common model of social 
stress (trier social stress test) showed that habituation 
effects are manifested by the dynamics of cortisol 
concentration (index of hypothalamus-pituitary axis) 
and alpha-amylase (index of alpha adrenoreceptor 
activation) in the saliva and is not observed in the 
dynamics of interleukin-6 concentration (index of 
inflammatory process intensity). At the physiological 
level, some characteristics of heart rate variability 
(HRV), i.e. mean value and R–R interval dispersion, are 
suggested as a possible way of evaluating the effects 
habituation in repeated cognitive stress [6]. Besides, the 
dynamics of these indices agreed with the behavioral 
effects of habituation. The intensity of habituation effects 
assessed by heart rate (HR) changes, systolic and 
diastolic pressure directly correlated with the indices of 
openness to a new experience evaluated on the basis of 
the questionnaire [7].

The available data urge forward the investigations 
of the dynamics and mechanisms of habituation to 
the repeated stressors as a simplest form of learning 
expressed in the reduction of stress-specific symptoms.

In addition to the applied aspect, studying habituation 
during repeated stress is also of great methodological 
importance. Usually, experimental protocols involving 
animals include the initial stage of adaptation (to the 
environment or to the necessary but unexplored action) 
to eliminate novelty and stress effects in the dynamics 
of the tested variables. Closer contact procedures (e.g. 
fixation of the animal in a device) require a longer period 
of adaptation. Additional application animal state control 
methods in the experiment will allow the researchers to 
eliminate reliably the possibility of stressogenic effects 
of the selected procedure. Absence of this possibility 
demands preliminary pilot series of experiments 
to identify the stage at which the realization of the 
experimental protocol causes no stress in the majority 
or all the animals. The most interesting investigation in 
this respect is the study of habituation during repeated 
immobilization stress since many experiments of 
electrophysiological investigations include animal 
mobility restrictions to various degree with non-
pharmacological ways.  

The aim of the study was to identify the dynamics 
of the individual’s functioning state (according to stress-
specific indices) under the repeated stress conditions in 
a model of immobilization stress.

Materials and Methods
The investigation was carried out on mature Long-

Evans male rats weighing on average 300 g and 

aged 19 months (range 6 to 24). The jugular vein 
was catheterized in 39 rats but due to some technical 
problems (catheter impassability), a full experimental 
series has been performed only on 6 animals.

The rats were housed under standard conditions of 
vivarium in individual cages with free access to standard 
rat feed and water. All manipulations were carried out 
in compliance with order No. 199н “On the Approval of 
the Rules of Good Laboratory Practice” (Russia, 2016), 
International Guiding Principles for Biomedical Research 
Involving Animals (CIOMS and ICLAS, 2012), and 
European Convention for the Protection of Vertebrate 
Animals used for Experimental and other Scientific 
Purposes (Strasbourg, 2006). The permission for 
experimental studies on animals was obtained from the 
Ethical Committee of the Institute of Psychology of the 
Russian Academy of Sciences.

Operation on jugular vein catheterization. 
Catheters represented silicon tubes (2.5 cm long) and 
polyethylene tube (6 cm long). The sterile catheters 
were washed with the solution of 96% rubbing alcohol. 
Animals were anesthetized by intramuscular injection 
of Rometar (10 mg/kg) and Zoletil (25 mg/kg) solution. 
The operative field was made free from fur, shaved and 
treated with antiseptic. The incision was made through 
the skin along the oblique line connecting the upper third 
of the sternum and the internal third of the left or right 
clavicle in such a way that 2/3 of the cut were below 
the clavicle. The incision was 1–1.5 cm long. Then the 
superficial fascia was dissected and the jugular vein 
separated by blunt dissection. Further, the ligatures were 
placed on the vein: permanent in the rostral direction 
and temporal in the caudal direction. Between them, 
the incision on the external wall of the jugular vein was 
performed. The obtained opening was widened with 
the branches of the microsurgical forceps and a silicon 
part of the catheter was inserted in the caudal direction 
to the depth of 2–3 cm weakening the caudal ligature. 
The introduced catheter was tested for the possibility 
to collect blood, filled with heparinized physiological 
solution (500 Units/ml, 80 μl), closed with a plug, 
and fixed with ligatures to the vein. It was thereafter 
subcutaneously exteriorized through the 3–4 mm incision 
between the scapulae and the wounds were sutured.

The catheter passability was checked daily for a week 
by collecting blood samples.

Experimental protocol. A week after the catheter 
placement, a 5-day experimental series with daily 
sessions including 4 stages each was performed 
(Figure 1). At stage 1 (30 min), the rat was in its 
home cage under normal free conditions. At stage 2 
(30 min), the rat was fixed in a special hammock for 
immobilization. At stages 3 and 4 (30 min each), the rat 
was again in its home cage under normal free conditions.

Non-invasive ECG was taken at each stage. On 
experimental days 1, 3, and 5 before stages 1, 3, 4 and 
at the fifth minute of stage 2, 1 ml of blood was collected 
through the catheter. The collected blood sample was 
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centrifuged to separate plasma fraction and stored at 
t=18°C. 

HR recording. Physiobelt system (35×55×15 mm, 
40 g, 500 Hz sampling rate) (Open Science, Russia) 
was used for non-invasive bipolar ECG recording. The 
system included a cuff for placement of the electrodes 
on the animal body and device attachments with a built-
in amplifier, AD converter, and transmitter. Recording 
was supported by Physiobelt software (Neurobotics, 
Russia).

Identification of catecholamine concentration in 
blood plasma. The catecholamine level in blood plasma 
was assessed using isocratic chromatography system 
Gilson 407 (Gilson, France) and electrochemical LC-4C 
detector (BAS, USA) according to the protocol designed 
by Karimova et al. [8]. All reagents were chemically pure, 
analytical grade reagents. 

Concentration of epinephrine and norepinephrine 
was determined in the blood plasma samples. These 
substances were chosen for the analysis because their 
concentration growth is a marker of acute stress stage I 
(the stage of sympathoadrenal system activation [9]). 

Analysis of HR variability. R–R intervals (time 
intervals between the R-waves in the adjacent QRST 
complexes of a cardiogram) were isolated from the rat 
ECG by a threshold method using Spike 2.5 software. 
To isolate the heart rate sequences, 100 s ECG intervals 
without artefacts were selected. The obtained R–R 
intervals sequences were analyzed using Welch’s 
method of periodograms for estimating power spectra 
having preliminarily interpolated them with a 50-s 
interval. For this purpose, Rhythm Service 1.2 software 
(Photon-test, Russia) was applied. As the result, the 
following parameters were calculated for each sequence 
of R–R intervals: HR (per min), average heart rate; 
TP (ms2), total HRV spectrum power; LF (ms2), spectrum 
power in the low-frequency region (0.04–0.15 Hz); 
HF (ms2), spectrum power in the high-frequency region 

(0.15–0.60 Hz); LF/HF, the ratio of spectrum powers 
in the region of low and high frequencies (autonomic 
balance index). All described indices were calculated for 
each stage of the experiment as means of the values for 
all isolated R–R intervals sequences with 100 s duration 
in this period. 

Spectral indices were chosen to characterize HRV 
since the previous works [10, 11] showed that the 
reduction of the total power of the HRV spectrum and 
growth of the autonomic balance index are specific for 
the beginning of acute stress.

Statistical processing. For experimental days 1, 
3, and 5, the dynamics of catecholamine level values 
in blood plasma and spectral HRV indices (stages 1 
to 4) during the entire experiment were tested for the 
presence of significant changes using Friedman criterion 
[12]. Paired comparisons of the variables between the 
stages of the experiment and between the experimental 
days were performed using the Wilcoxon test [13]. 
Changes were considered as statistically significant at 
р≤0.05.

Results and Discussion
The ana lys is  o f  ep inephr ine  concent ra t ion 

dynamics  showed statistically significant changes 
(χ2 (n=6; df=3)=14.8; p=0.002, Friedman criterion) 
on day 1 of the experimental series. A statistically 
significant epinephrine growth was noted at stage 2 of 
the experiment (during animal immobilization) and its 
subsequent reduction by stage 3 and then by stage 4 
(free behavior in the home cage) (р≤0.05, Wilcoxon 
criterion). Similar changes were observed in the 
dynamics of norepinephrine (χ2 (n=6; df=3)=8.8; p=0.03, 
Friedman criterion). 

On day 3 of the experiment, there were no statistically 
significant changes in the dynamics of both epinephrine 
(χ2=3.8; p=0.28, Friedman criterion) and norepinephrine 
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(χ2=1.0; p=0.80, Friedman criterion). Similarly, on day 5 
of the experiment, there were no significant changes in 
the dynamics of epinephrine (χ2=6.0; p=0.11, Friedman 
criterion) and norepinephrine (χ2=2.4; p=0.49, Friedman 
criterion). 

Epinephrine and norepinephrine values were 
statistically significantly higher at stage 2 on day 1 than 
at stage 2 on days 3 and 5 (р≤0.05, Wilcoxon criterion 
for both variables). At stages 1, 3, and 4, the values of 
epinephrine and norepinephrine did not differ statistically 
significantly on experimental days 1, 3, and 5. The 
dynamics of epinephrine and norepinephrine during all 
experimental days is shown in detail in Figure 2. 

Thus, according to the data of catecholamine 
concentration in blood plasma, stress activation was 
observed on day 1 in animals during immobilization in 
the experimental hammock which was manifested by 
a statistically significant growth of the epinephrine and 
norepinephrine level and the return to the initial level 
30 min after the completion of mobilization. Effects of 
habituation to immobilization were registered in the 
dynamics of catecholamine concentration on days 3 
and 5, as the reliable changes of epinephrine and 
norepinephrine between the stages of the experiment 
were absent, and their significant reduction during 
immobilization in comparison with the first experimental 
day was also established. It may be supposed that 
habituation to immobilization in this case appeared 
not as reduction of stress activation but rather in the 

decrease of the time period in which it unfolded. If stress 
activation was triggered and finished in the first 5 min 
of immobilization, only initial level of epinephrine and 
norepinephrine have been found in the second blood 
plasma sample (which was collected 5 min after the 
beginning of experimental stage 2).

In  the  HR dynamics, no statistically significant 
changes were observed on experimental day 1 (χ2=4.00; 
p=0.261, Friedman criterion) and day 3 (χ2=3.4; p=0.334, 
Friedman criterion). But reliable changes were detected 
on day 5 (χ2=11.6; p=0.009, Friedman criterion): 
statistically significant HR reduction was observed from 
stage 2 (immobilization period) to stages 3 and 4 (free 
behavior in the home cage). The HR dynamics during all 
experimental days is shown in detail in Figure 3.

The HR level in the immobilization period did not differ 
during all experimental days and was about 460 bpm. 
The differences between the experimental days were 
observed at stage 3 and 4: on day 5 the HR at these 
stages was significantly lower than on days 1 and 3 
(p≤0.05 for both stages, Wilcoxon criterion).

Thus, the effects of habituation to the stressor were 
observed in the HR dynamics on experimental day 5 
and consisted in the HR reduction upon the completion 
of immobilization. Absence of HR increase at the 
immobilization stage was likely to be connected with its 
initially high level at stage 1 on all days of the experiment 
which underlines once more a weak specificity of this 
index directly to stress.
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Figure 2. Dynamics of adrenaline and noradrenaline concentration (ng/ml) in the rat blood plasma in the 
experiment with immobilization (values of medians and percentiles of the distribution):
1 — at the beginning of the experimental stage 1 (30 min before immobilization); 2 — the fifth minute of 
stage 2 (immobilization in the hammock); 3 — at the beginning of stage 3 (immediately after the completion 
of immobilization); 4 — at the beginning of stage 4 (30 min after immobilization) on days 1, 3, and 5 of the 
experimental series; * p≤0.05, Wilcoxon criterion; # p≤0.05, Friedman criterion
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In  the  dynamics  o f  the  to ta l  power  o f  the 
HRV spec t rum, statistically significant changes were 
observed on experimental days 1 (χ2=11.4; p=0.01, 
Friedman criterion), 3 (χ2=9.0; p=0.03, Friedman 
criterion), and 5 (χ2=10.6; p=0.02, Friedman criterion). 
Its value statistically significantly decreased on all 
experimental days at stage 2 (immobilization period) 
relative to stage 1 (free behavior in the home cage) (in all 
cases p≤0.05, Wilcoxon criterion). On days 1 and 5, the 
total power of the HRV spectrum statistically significantly 
increased at stage 3 (free behavior in the home cage) 
compared to stage 2 (immobilization) (p≤0.05, Wilcoxon 
criterion). However, it statistically significantly decreased 
at stage 4 relative to stage 3 (p≤0.05, Wilcoxon criterion) 
while it continued to increase on day 5 at stage 4 
reaching the initial level. The comparison of the HRV 
values between the days of the experiment showed 

that they did not differ at stages 1, 2, and 3. And at the 
same time, the HRV values at stage 4 were statistically 
significantly higher on day 3 than 1 and on day 5 than 3 
(see Figure 3). 

Thus, on all days of the experiment, HRV assessed 
by the total spectral power of R–R interval variations 
statistically significantly decreased in the immobilization 
period which is typical for stress activation. However, it 
should be noted that on experimental days 3 and 5, in 
contrast to day 1, HRV has restored up to the initial level 
by stage 4 of the experiment. In other words, with the 
repetition of one and the same stress factor the activation, 
not changing by the degree of intensity, developed faster 
which might also be the effect of habituation as a quicker 
restoration after the stress impact. 

In  the  dynamics  o f  the  au tonomic  ba lance 
index  (LF /HF), there were no statistically significant 
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Figure 3. Dynamics of HR, total power of HRV spectrum (TP), and autonomic balance index (LF/HF) (values of medians 
and percentiles of the distribution) in the rats in the experiment with immobilization:
1 — during stage 1 of the experiment (30 min of free behavior in the home cage); 2 — during stage 2 (30 min of immobilization in 
the hammock); 3 — during stage 3 (30 min of free behavior in the home cage); 4 — during stage 4 (30 min of free behavior in the 
home cage) on days 1, 3, and 5 of the experimental series; *p≤0.05, Wilcoxon criterion; # p≤0.05, Friedman criterion 

Dynamics of Stress Activation in Repeated Stress Conditions in Experiment



160   СТМ ∫ 2019 ∫ vol. 11 ∫ No.1

 clinical supplement 

changes on day 1 (χ2=4.6; p=0.203, Friedman criterion), 
day 3 (χ2=1.8; p=0.615, Friedman criterion), and day 5 
(χ2=0.6; p=0.896, Friedman criterion). On experimental 
day 1, statistically significant reduction of this index was 
observed at stage 2 (immobilization) relative to stage 1 
(p≤0.05, Wilcoxon criterion). The dynamics of this 
index during all experimental days is shown in detail in 
Figure 3. 

In the observed dynamics of the autonomic balance 
index, the increase typical for the stress activation was 
absent [10, 11]. It can be explained by the specific 
selection of frequency range limits for the calculation of 
LF and HF values. In the given case, all computations 
were done according to the standard range limits (see 
section “Analysis of heart rate variability”) which were 
accepted and used in the studies involving people. At the 
same time, there are data on species specificity of these 
indices [14], in particular, LF and HF ranges for the rats 
may be shifted to a higher frequency range: LF to 0.04–
1.0 Hz, HF to 1.0–3.0 Hz [15]. It may be expected that 
the dynamics of this index will have some other structure 
if spectrum power ratios are recalculated in compliance 
with these ranges. 

Thus, the results obtained showed that habituation of 
the rats exposed to the stress conditions had occurred 
by day 5 of daily repeated 30-min immobilization. 
Habituation effects are manifested both at the hormonal 
level (by the dynamics of catecholamine concentration) 
and at the level of the entire organism (by HRV indices).

A combined analysis of biochemical and 
electrophysiological data in the experiment enabled us 
to reveal an important aspect of habituation dynamics: 
it manifested itself not so much by the reduction of 
stress activation intensity as by the decrease of time 
during which it unfolds and, as a consequence, by 
the acceleration of parameter restoration to the initial 
background level. It is shown by the HRV data, i.e. the 
HRV reduction typical for stress was displayed in the 
period of immobilization even on day 5 and the values 
of the total power of HRV spectrum in the period of 
immobilization do not differ on day 1, 3, and 5 of the 
experiment. 

Such dynamics of the heart rate characteristics gives 
grounds to suppose that when the time interval between 
the beginning of the stress factor and blood collection 
for biochemical analysis diminishes from 5 to 3 min 
and 1 min, habituation according to the catecholamine 
dynamics will start to manifest itself later, i.e. after a 
greater number of stress factor repetitions. It is the 
methodological restrictions for the frequency of blood 
collection for the biochemical analysis (impossibility 
to increase time sampling for the obtained estimates) 
that may result in inconsistent effects of habituation in 
different biochemical stress markers [4, 16].

It is worth mentioning that continuous heart rate 
monitoring (from the beginning of stress activation to 
complete restoration of the initial level) may provide 
more ample information on the habituation dynamics. 

In this case, it will be possible to accurately assess 
duration changes of stress activation in the repeated 
stress. And this, in its turn, will allow the verification of the 
hypothesis that habituation is the process of diminishing 
the time during which the activity of the stress-realizing 
body systems is unfolding.

Conclusion
The analysis of the dynamics of stress-specific 

indices of the body functional state, i.e. the level of 
catecholamines in blood plasma and spectral indices 
of heart rate variability under repeated immobilization 
stress, allowed us to conclude that effects of habituation 
are manifested not only by the reduction of stress 
activation intensity but by its duration as well. 
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