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Abstract 
Present article discusses the physiological mechanisms of the state employees adaptation during 
active training in temporary groups. It is suggested that adaptive mechanisms to adverse effects 
may be studied basing on the concept of functional isomorphism of the psychic and immune systems. 
Adaptive mechanisms were studied through the monitoring of the stress factors’ impact upon the 
law enforcement officers when training outside the places of permanent deployment. The specific 
purpose of present study was to evaluate the physiological indicators of the psychic, immune and 
endocrine systems dynamics at different stages of adaptation of the live organism to a stressful 
situation, hoping to get better insight into possible relations between psychic and immune domains. 
Through monitoring of the dynamics of the endocrine and immune responses to the psychic stimuli, 
it was possible to correlate the stages of the stress onset to the phases of specific immune reactions. 
Strong correlations between the parameters characterizing activation of the psychic and immune 
responses support the hypothesis of the presence of “strong cooperation” between psychic and 
immune domains. It supports earlier hypothesis that we are monitoring different manifestations 
of the functioning of a complex inseparable psycho-immune meta-system. 
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Adaptation, Live Systems 

 
 

1. Introduction 
Modern studies of the dynamics and adaptation of complex biological systems outline the need for the formation 
of new systemic approaches in dealing with biological and behavioral phenomena [1]-[11]. In particular, the 
studies of adaptive mechanisms maintaining system “balance” and integrity in various adverse conditions need 
to consider at least the following levels: mental, physiological and social. It is believed that these levels are in-
terconnected through the “coupling” or interplay of the body regulatory systems (nervous, immune, endocrine 
and mental) [4]-[7] [12]. Network character of the immune system and its self-regulating properties [13]-[17] is 
already recognized and studied. It can be said that regulatory systems of the human body perform a common 
task maintaining the “dynamic homeostasis” (the term “homeorhesis” is more appropriate in this context, as the 
term “homeostasis” is referring to static situations [18]-[20] necessary for normal life and crucial for efficient 
adaptation of live organisms to change environmental conditions in order to preserve overall system integrity 
and identity [18]-[21]. 

At the moment, a considerable pool of evidence has been accumulated that: 
• immune dysfunctions are often determined by psychogenic factors [2] [3] [22]-[26];  
• immune reactions are involved in a joint self-regulation mechanisms of the live systems [6]-[12] [26]-[28]; 
• immunopathologic states can cause psychological discomfort [9] [29]-[32]; 
• there is a certain “parallelism” or a synchronization of functioning of the psychic and the immune systems, 

moreover it seems that we are dealing with a joint complex immune-psychic system, and are observing dif-
ferent manifestations of its functioning in two domains (also describing these manifestations using different 
meta-languages) [4]-[12] [21] [33] [34]. 

The presence of a common functional orientation of the adaptive reactions represented in two domains (psychic 
and immune) does not exclude functional coupling (“cross-talk”, “bi-directional coupling”, “communication”, 
“partnership”, “interplay”) of these domains in matching scenarios and ways of solving the general problem [6] [7] 
[10]-[12] [21]. The specific factors triggering responses in these two domains are also known and the dynamics of 
such responses is extensively studied (though mainly separately in each domain). Here one can mention the stu-
dies on the stages of stress caused by psychogenic stimuli (psychic domain, [35]), and on the stages of immune 
response to the foreign antigen (immune domain [36] [37]). Taking into account probable “connection” between 
these two domains, it can be suggested that the immune system not only responds to the presence of infectious 
antigen but also to the psychogenic stimuli. And in order to prove if any conjugation or interrelation between 
these two domains actually exists, one should observe correlated dynamics of the immune system responses and 
the psychological distress factors. Moreover, if we are dealing with two coupled domains (conjugation hypotheses) 
or with a joint psycho-immune system (unification hypotheses) explicitly proposed earlier [12], one should ob-
serve certain reaction isomorphism and parallelism between the stages of psychological and physiological adapta-
tion (in particular the specific immune response) in response to the stimulus in one of the domains.  

To further test the relations between the psychic and immune domains, we have chosen to study the monitor-
ing of stress-induced reactions in human subjects. It is known that specific immune response is one of the sys-
tem protection strategies that human body has secured in the process of evolution [36] [38]-[40]. The stages of a 
specific immune response to a particular antigen and their duration are well studied. However, not much data 
describing the dynamics of the immune system when triggered via the psychic domain is available. It would be 
also of significant interest to compare the time line of the specific immune response stages when the reactions 
are triggered from psychic or immune domains.  

The specific purpose of present study was to evaluate the physiological indicators of the psychic, immune and 
endocrine systems dynamics at different stages of adaptation of the live organism to a stressful situation, hoping 
to get better insight into possible relations between psychic and immune domains.   

2. Methods 
It is well known that special police force members are chosen to be very healthy and are routinely encountering 
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stressful situations of different kind in their service [37] [41] [42]. Also they are regularly sent away from their 
home location for the intense training, where for a certain time they are becoming a part of a new team. In this 
situation they experience a number of different disturbing factors (such as different food, different lifestyle con-
ditions, unusual activities etc.). The whole experience is commonly quite stressful but clearly not life threatening. 
The same time many other factors, which are hard to control in other research conditions, are almost “laboratory 
fixed” due to the military style discipline and organization of the whole exercise.  

During this study 59 healthy male subjects were monitored from the moment they have arrived to start the 
training and until they finish it. According to the course selection rules strongly favoring homogenization we 
were able to include one of the groups entering the training without exceptions. Average age of the subjects was 
23.5 ± 0.71 years, work experience 2 to 4 years; all subjects were coming from the same geographic region and 
have passed rigorous health checks according to the rules of their service. All subjects have signed the written 
consent forms. The consent forms and the plans for this research were approved by the commanding officers and 
Ethics Commission of the Institute of Immunology according to the formal documents issued by the Department 
of Health of Russian Federation.   

The main focus of our research is aiming at the description of the interaction between the immune and psych-
ic domains. Thus each specific “measurement” for the subject was related to the time (specific day of training), 
and consisted of the psychological survey, computer based tests (reaction, tiredness etc.) and the immune-endo- 
crine tests.  

Psychological tests were conducted in the middle of the day (after the morning training session), when the 
subjects were showing a high level of activity, and other conditions (communication, professional load, food) 
were rather stable. Following methods were used for the assessment: Lüscher color test [43], well-being-activity- 
mood (WAM) test [44], socio-psychological climate (SPC) test modified as suggested by Maryin et al. [45].  

Immune and endocrine tests were done using immune-ferment analysis (IFA). Functional activity of T-cells in 
the blood serum was estimated through the levels of regulatory cytokines: interleykin-4 (marker of the humoral 
immunity synthesized by the Th2 cells) and gamma interferon IFN-γ (biomarker of the cellular immunity of the 
Th2 cells) using the immune ferment diagnostics assay by Vektor-Best (Novosibirsk, Russia [46]). Cortisol level 
was measured using the reagents by the Alcor-bio (St Petersburg, Russia [47]). Serotonin was measured using 
the enzyme immunoassay for the in-vitro diagnostic Serotonin ELISA by IBI-International (Hamburg, Germany 
[48]). 

General functioning of the regulatory systems at the molecular level was estimated basing upon the levels of 
the serotonin (a neurotransmitter that regulates some of the mental processes) and the cortisol (bio-active gluco-
corticoid hormone of a steroid nature, which is involved in the development of stress reactions). 

Because the research was aiming at detecting some parallelism in the psychic and immune domain responses 
(if any) each measurement was chosen to correspond to certain stages in the known timeline of the immune re-
sponse [35] [49] [50]. 

Measurement #1 was carried out on the 1st day of training. In the timeline of the pathogen-type stimulation of 
the immune domain it should correspond to the first or “immediate” phase of the immune response. It is charac-
terized by a rapid response of the innate nonspecific immunity and activation of natural resistance factors 
(chemical, physical etc.). In the particular case this period was associated with the arrival at the location of new 
service (training), the actualization of the new social, psychological, professional and everyday life challenges.  

Measurement #2 was carried out on the 4th day of training. In the timeline of the pathogen-type stimulation of 
the immune domain it should correspond to the second or “early” phase of the immune response. It is characte-
rized by the induction of early cellular response factors, which in turn trigger T-cell activity (as happens in the 
immune response to a foreign agent). In the overall live system dynamics this period is associated with an in-
creased mobilization of different system resources such as immune, energetic and psychological (development 
of the internal stress in the stress management). 

Measurement #3 was carried out on the 14th day of training. In the timeline of the pathogen-type stimulation 
of the immune domain it should correspond to the third or “late” phase of the immune response. It is typically 
associated with switching from one antibody (IgM) type to another (IgG) type synthesis, and to the differentia-
tion of immune responses while maintaining the original specificity. In the overall live system dynamics this pe-
riod is associated with the stabilization in the resource mobilization (in terms of the stability of the professional, 
mental and physical stress), and the choice of strategies to respond to the stressful situation (increase or decrease 
in the live organism resistance).  
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Measurement #4 was carried out on the 21st day of training. In the timeline of the pathogen-type stimulation 
of the immune domain it should correspond to the fourth or “final” phase of the immune response. It is typically 
associated with the formation of immunological memory (ability to recall previous contact with the stimulus and 
respond to it in already known sway, faster and with greater strength); specificity (ability to recognize stimuli 
and to respond quickly and specifically, avoiding the chance of undifferentiated response); adequacy (the ability 
to respond specifically to the newly occurring factors). In the live system dynamics this period is associated with 
good adaptation (in the particular case to the new conditions of training within new group). 

3. Data Processing 
Following parameters were assessed using the WAM test: well-being—as a subjective perception of the degree 
of physiological and psychological comfort; activity-as a level of maintaining of vital meaningful interaction 
with the environment (includes chemical, physical, neural and mental activity); mood—as emotional responses 
to the impacts or stimuli of any nature. 

Following parameters were assessed using the 8-color Lüscher test: vegetative factor—characterizing the 
energy balance of the mental activity of the organism (it is physiologically relevant to the sympathetic or para-
sympathetic neural system dominance); overall variability index—characterizing the stability of emotional 
background, and the total non-specific mental state, also allowing to predict the efficiency and success of per-
formed activities. 

Separate test was used to assess general socio-psychological climate and specifics of inter-personal relations 
within new teams (SPC test). The test was conducted and data pre-processed using “multi-psychometer” [51], a 
computer-based device for the fast assessment of the characteristics of the psychological state of the test subjects. 
This system is based on a personal computer with additional modules: a specialized psycho-diagnostic keyboard, 
a unit for psychomotor tests, a joystick, a foot pedal, and the headphones. This system has already proven its ef-
ficiency in the assessment of the psychological conditions and is widely used in Russian Federation for different 
professional assessments. The software part includes different diagnostic modules, including a set of classic tests 
(assessment of the actual mental state, professional aptitudes and mental abilities), as well as a large selection of 
activity-programmable (performance, psycho-physiological state) tests designed to evaluate the speed and accu-
racy of individual in performing perceptual, cognitive operations and movements. The socio-psychological cli-
mate was assessed by the results of the test scores achieved by the subjects and through questionnaires. Follow-
ing interpretation of the socio-psychological climate was used: between 100 and 70 points—“favorable, healthy”; 
between 69 and 60 points—“unstable but generally favorable”; between 59 and 50 points—“not favorable 
enough”; below 49 points—“unfavorable”.  

Statistical analysis of the results was carried out using the software package “SPSS 11.5 for Windows” (in-
cluding correlation analysis and Student’s criterion tests). 

4. Results and Discussion 
Special police force members sent for the training to a new base, commonly far away from their home location, 
experience quite different conditions (social, hygienic, professional). In such situation multiple factors can be 
regarded as external stimuli triggering unspecific protective reactions (e.g. stress). Present studies were aiming 
at detecting parallelism in the psychic and immune domain responses (if any), so each measurement was chosen 
to correspond to certain stages in the known timeline of the stress onset stages [35] [49] [50] used in the modifi-
cation adopted by Kulikov [52] putting them into the correspondence to the immune response stages.  

Day 1 (first measurement) in this modified timeline corresponds to the “initial shock” (stage 1). At this point, 
the live object systems ”estimate” the extent and quality of the social and psychological effects (risks, threats) 
due to the conditions related to the temporary environment (new location, social environment, food, team etc.). 
This suggestion is supported by the tests results. Vegetative factor values recorded for this period indicate op-
timal mobilization of physical and mental resources of the subjects and the trends to being proactive. Also over-
all variability index in measured parameters is very small, corresponding to very low unproductive mental stress 
with a proactive tendency (see Table 1, corresponding column “day 1”). The results of well-being-activity- 
mood (WAM) tests reflect the high level of physiological, psychological and emotional comfort. The subjects 
have evaluated socio-psychological climate in the teams as mainly favorable and healthy. It suggests that a har-
monious balance of business and emotional mediation of interpersonal perception and interaction between  
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Table 1. Dynamics of the psychological parameter changes with the time. Results of the statistical analysis of experimental 
data. Statistical significance of the differences with the values at day 1 is p < 0.05. WAM stays for well-being-activity-mood 
and SPC for socio-psychological climate tests correspondingly.                                                             

Method Parameter day 1 day 4 day 14 day 21 

Lüscher color 
test 

Vegetative factor 1.25 ± 0.09 1.44 ± 0.15 1.24 ± 0.1 1.42 ± 0.09 

Total deviation 10.24 ± 0.58 9.0 ± 0.58 9.88 ± 1.02 8.05 ± 0.18 
p < 0.01 

WAM test 

Well-being 6.12 ± 0.06 6.03 ± 0.12 6.1 ± 0.51 5.78 ± 0.30 

Activity 5.58 ± 0.08 5.5 ± 0.11 5.71 ± 0.16 6.0 ± 0.18 

Mood 6.35 ± 0.12 6.27 ± 0.18 6.34 ± 0.28 6.25 ± 0.22 

SPC test Socio-psychological climate 81.7 ± 2.0 85.8 ± 1.89 87.5 ± 2.35 89.25 ± 2.48 
p < 0.05 

 
members is achieved in the new teams. 

When assessing the level of hormones in the blood serum significant excess of cortisol levels compared with 
generally accepted norms was found during this period of time, indicating a presence of certain psycho- 
emotional tension (stress) (see Table 2). And according to the modern data cortisol has a depressing effect on 
cellular and humoral immunity and antibody formation, reducing the phagocyte activity of immune cells 
[53]-[55]. Simultaneously, serotonin level was within the healthy norm, but close to the lower limit values. At 
the same time serotonin has a proven significant effect on mood changes, irritability and cognitive processes 
(concentration, attention etc.). It is supported by certain correlation between the activity value measured in the 
WAM tests and the serotonin levels in the blood serum (correlation coefficient r = 0.405 with statistical signi-
ficance р < 0.05) (Table 3). 

Changes in the level of hormones in the blood serum are accompanied by the characteristic response from the 
immune system. However, the ratio marking the functional state of the cell (IFN-γ) and humoral (IL-4) immuni-
ty, testifies to the balance among the various components of the immune system. Nevertheless, the level of IL-4 
correlates with the overall variability index (Lüscher test) (r = −0.338, p < 0.05), and the level of socio-psycho- 
logical climate (SPC test) with the level of IFN-γ (r = 0.332, p < 0.05), respectively.  

Towards day 4 (second measurement), subjects should enter the “alarm stage”, which according to the litera-
ture is accompanied by stress manifesting itself physiologically with all functional systems of the live organism 
[25]. At this stage there was no acute changes detected in the psychic domain, as the changes in social and envi-
ronment conditions were expected by the test subjects. Thus one can speak of a “planned” psychological reac-
tion rather than an acute stress response. And as it is confirmed by the results of the study (Table 1) the subjects 
show a steady positive trend in the dynamics of psychic reactions. 

This period is also characterized by a significant decrease in the serum levels of IFN-γ (p < 0.001) and IL-4 (p < 
0.05), markers of functional activity of both cellular and humoral immunity (Table 2). And considering that the 
ratio of the IFN-γ and IL-4 concentrations reaches 3.85 at day 4, one can speak about the functional depression 
of humoral immunity. The same time the level of serum serotonin significantly increases from day 1 to day 4 
(from 95.04 ± 9.65 to 121.7 ± 10.21, p < 0.05, Table 2), correlating with simultaneous changes in the WAM test 
activity (r = 0.519, p < 0.05), state of health (r = 0.375, p < 0.05) and vegetative factor r = −0.313, p < 0.05), re-
spectively. 

Basing on the above one can expect the improvements in the psycho-emotional state of the members of the 
newly formed teams. However, as follows from the results of psychological tests, changes in the psychic domain 
are not very pronounced. Also there are no significant changes in the serum cortisol levels (these levels strongly 
correlate with the mood parameter in the WAM test (r = 0.327 at р < 0.05).  

Towards the 14th day (third measurement), the subjects enter the “resistance stage”, characterized by in-
creased resistance to stressor actions. Here are two basic response pathways known for this stage: the eustress, 
with a productive mobilization of all regulatory systems of the live organism; and distress [56], with the 
“over-regulation of the control systems” [45] [57] [58]. As shown by the results of our study, in this period, the 
level of cortisol in the blood serum is clearly reduced (p < 0.05), which indicates the presence of the first re-
sponse pathway (eustress). And at the time of a two-week stay in the new conditions vegetative factor of the test  
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Table 2. Dynamics of the immune and endocrine parameter changes with the time: results of the statistical analysis. 
*normal—average levels for healthy subjects, as specified for the manufacturer of the corresponding immunoassays. Note the 
elevated but falling levels of cortisol from day 1 to 21, and strongly elevated ratio of concentrations IFN-γ/IL-4 at day 14.                                           

Parameter day 1 day 4 day 14 day 21 normal* 

Cortisol, 
×10−9 mol/l 1120.0 ± 85.12 1028.0 ± 72.1 831.13 ± 69.19  

р < 0.05 
704.6 ± 63.89 

р < 0.01 150 - 660 

Serotonin, 
×10−9 g/ml 95.04 ± 9.65 121.7 ± 10.21 

р < 0.05 121.5 ± 18.14 133.34 ± 10.39  
р < 0.05 40 - 400 

IFN-γ, 
×10−12 g/ml 1.17 ± 0.15 0.81 ± 0.05 

р < 0.001 
1.31 ± 0.08 

р < 0.05 0.76 ± 0.08 0 - 15 

IL-4, 
×10−12 g/ml 1.03 ± 0.1 0.21 ± 0.09 

р < 0.01 
0.13 ± 0.09 

р < 0.01 0.95 ± 0.01 0 - 4 

Ratio of concentrations 
IFN-γ/IL-4 1.13 3.85 10.1 0.8  

 
Table 3. Dynamics of the correlation coefficients between different experimentally measured factors.                                           

Parameters day 1 day 2 day 14 day 21 

Cortisol/IL-4 −0.338   0.507 

Cortisol/Serotonin   0.440  

Vegetative factor/Serotonin  −0.313  −0.571 

SPC level/IFN-γ 0.332    

General activity level/IL-4    0.744 

General activity level/Serotonin 0.405 0.519  0.446 

General activity level/Cortisol    −0.673 

Well being factor/Serotonin  0.375  0.428 

Well being factor/Cortisol    −0.469 

Mood/Cortisol  0.327   

 
subjects was restoring to the original level (same as on day 1). Well-being, activity and mood parameters meas-
ured by WAM test were remaining high, which is also accompanied by the improvement of socio-psychological 
climate in the teams (see Table 1). This testifies to the positive dynamics of the psychic state, with the eustress 
as the choice of response pathway to the stressor. The blood serum serotonin levels are also stable between days 
4 and 14 indicating the productive mobilization of the psychic domain activity. It is supported by the correlation 
between the index of overall variability index (reflecting the unproductive psychological stress) and the seroto-
nin level (r = 0.440 with р < 0.05). 

Differentiation of the immune response in this phase is characterized by reduction of the functional activity of 
the cellular component of the immune system, and the serum concentration of IFN-γ is significantly increasing 
between days 4 and 14. At the same time, the concentration of IL-4 in the blood serum, which has already de-
creased between days 1 and 4, decreases even further towards day 14. This constitutes further depression of the 
humoral immunity, increasing the imbalance between cellular and humoral immune system components, since 
the ratio of the cytokines (IFN-γ/IL-4) is increasing from 3.85 at day 4 to 10.1 at day 14. 

The 21st day (fourth measurement) should correspond to a complete adaptation of all functional systems of 
the live organism. Vegetative factor seems to grow between the days 14 and 21, but the changes are not very 
significant as the value keeps close to its value measured for day 4. It is clear that the dynamics of the vegetative 
factor normalization (Figure 1) is characterized by reduction of the energy balance of the body, setting on pro-
ductive activities, which corresponds to the predominance of the parasympathetic division of the autonomic 
nervous system.  

At this stage the overall variability index measured in the Lüscher test (reflecting the unproductive stress 
reaction) is significantly reducing as compared to all other stages (days 1, 4, 14), which is accompanied by the  
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Figure 1. Experimentally recorded dynamics of the vegetative factor 
and functional activity of cellular and humoral immune system. IFN 
stays IFN-γ, Veg—Vegetative Factor. Average values for the whole 
subject group.                                                                                     

 
stabilization of the psycho-emotional state (health, activity, mood) and qualitative improvement of the so-
cio-psychological climate in the teams (highest value for all measurements, see Table 1). This reflects the satis-
faction of the subjects by their acquired status in the teams, by the environment at new location, and by the rela-
tionships with colleagues (both in terms of “horizontal”, e.g. relations with the peers, and “vertical”, e.g. rela-
tions with the superiors), and the prospects for further professional growth. 

In this stage of adaptation the blood serum cortisol levels are returning to the values close to the upper boun-
daries of the ’norm’. But taking into account the specifics of the subject selection (special police force members); 
these values may simply represent the ’norm’ for this population sub-group, routinely and continuously dealing 
with extreme situations. In turn, the functional state of the immune system, is also restored to the original level 
(Figure 1), with the ratio of the cytokines (IFN-γ/IL-4) returning to parity. 

This period is also characterized by the strongest parameter correlations. Overall variability index measured in 
the Lüscher test correlates with the level of IL-4 (r = 0.507, p < 0.05); vegetative factor (Lüscher test) correlates 
with the blood serum serotonin level (r = −0.571, p < 0.05); well-being factor (WAM test) correlates with the 
blood serum serotonin (r = 0428, p < 0.05) and cortisol (r = −0.469, p < 0.05) levels; the rate of activity is 
closely correlated with the levels of IL-4 (r = 0.744, p < 0.001 ), serotonin (r = 0.446, p < 0.05), and cortisol (r = 
−0.673, p < 0.001).   

The results of present study show that psycho-immuno-endocrine interactions are strongly associated with the 
dynamic upkeep of the homeorhetic balance under the disturbances from the external and internal stimuli. One 
can also conclude that within the implementation of this regulatory mechanism either the psychic, immune and 
endocrine systems are acting jointly or represent different aspects of a single complex meta-system [12] [21]. 
The latter suggestion seems quite feasible, as the level of “cooperation” demonstrated within the mechanisms at-
tributed to the psychic, immune and endocrine domains is quite significant. Another argument in favor of much 
deeper than earlier appreciated integration of the mechanisms supposedly belonging to three different domains is 
the “re-distribution of the resources” across the domains (Figure 1). Also the psycho-emotional state, which in 
turn affects the vegetative factor levels, is largely associated with the activity levels of the cellular immunity (re-
flected in the levels of blood serum IFN-γ). This once again suggests that psychic and immune domain mechan-
isms, in fact, are at least deeply coupled and function in perfect balance [12] [21]. Probably, these systems inte-
ract in a positive feedback manner: the mobilization of psychic domain protection mechanisms acts as a trigger 
for the immune defense ones, and vice versa. As a result, one can hypothesize that social and living conditions, 
as well as psychological and physiological (e.g., immune) adaptation and “life-support” mechanisms act in 
coordination or jointly, responding to the external and internal risk factors. 

Table 4 illustrates a qualitative correspondence of the stages of different adaptation mechanisms responding 
to the specific and unspecific stimuli across three domains (psychic, immune, endocrine). These stages are re-
lated to the ones of the stress reaction onset, as it is believed that stress is a universal mechanism ensuring not  
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Table 4. Correspondence of adaptive response phases in different domains as a reaction to risk stimuli.                                           

Phases of 
stress 
onset 

Social and behavioral 
domain 

Individual psychological 
domain 

Physiology domain 

Live organism response 
level Immune response level 

1 
Situational uncertainty 

regarding social  
risk factors 

Primary shock response 
to the damaging effects 

Fast adaptation 
preparation of the system 
and resource mobilization 

Immediate phase 
nonspecific (congenital) 
protection mechanisms 

2 
Sampling of possibilities 
Within different aspects 

of social situation 

Alarm stage 
general undirected activity 

Transient adaptation 
transient period: from fast to 

long-term adaptation  
mechanisms 

Early phase 
switching to different  

specific response  
mechanisms 

3 
Forming the intentions 
choosing adequate vector 

of activities 

Resistance stage 
mobilization of the energy 
and structural resources of 

live organism 

Long-term adaptation 
activation of structural  

homeostatic mechanisms, 
active functioning under  

new conditions 

Late phase 
Switching of the antibody 
synthesis from IgM to IgG 

4 Reduction of social  
activity 

Exhaustion state  
(distress) 

apathy, tiredness,  
depression-lake states etc. 

Exhaustion of the  
protective and  

adaptation capacity 
maximal loading of the 
dominating systems in 
process of adaptation 

Completeness of  
the immune response 

Immunological memory 
formation 

 
only the survival under adverse conditions, but providing an adaptation to these conditions [59]. Each of the 
adaptation responses is coming with certain “energy cost”, e.g. to perform corresponding activity live organism 
needs to use some of its resources (reserves) [60]. With such comparison it becomes possible to see some com-
mon trends and patterns for different levels of adaptation in different domains, though similar trends are often 
described in different ways (using different meta-languages). 

Probably in the process of evolution a complex mechanism that selects necessary “response programs” was 
developed, helping to survive and adapt to different conditions. It is commonly accepted that complex living or-
ganisms possess both simpler particular response mechanisms and higher level generalized ones (using common, 
universal principles) helping to cope with the variety of changes in their environment [61].  

5. Conclusions  
Functional activities of the psychic, immune and endocrine systems (domains) in reaction to the stress stimuli 
are closely interrelated, which is reflected in the close correlations of characteristic parameters and their trends 
measured experimentally. Basing on the data available to the moment, it is also possible to conclude that the re-
sponse in one domain (or the stimulus initiating such response) modulates corresponding response in another 
domain, increasing the functionality limits and the capacity of the overall system to sustain the dynamic equili-
brium (homeostatic balance, homeorhesis [18] [19] [59]). Therefore, traditional notation of the psychic, immune 
and endocrine system can be (and most probably should be) substituted by the notation of the corresponding 
psychic, immune and endocrine domains reflecting specific features and characteristic response mechanisms of 
the complex, unified regulatory meta-system “live organism”. And the integrity (similarity, parallelism, syn-
chronized timing) in the functioning of the regulatory mechanisms manifesting themselves in the changes de-
tected in different domains is most probably governed by the high-level “centralized” interrelations. Strong cor-
relation of such manifestations with the blood serum hormone levels points out to a possible central role of the 
coordinated activity of the sympathoadrenal (serotonin) and hypothalamic-pituitary-adrenal (cortisol) systems in 
triggering and driving adaptive responses across all major domains. On the other hand, changes in the blood se-
rum cortisol levels may be the consequences rather than the causes of multiple process activation, reflecting the 
growing demands of the regulatory systems to the energy resources. It is known that the metabolic effects of 
cortisol are similar to the ones of adrenaline (both are triggering the release of energy resources [55]).  

Thus it is possible to hypothesize that mobilization of energy and structural resources, and more efficient in-
corporation of cellular structures, including cells of the immune system happens under the influence of hormon-
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al system triggered by internal and external stimuli. And it turns out that system reaction to the stress factors 
“switches on” corresponding mechanisms aiming at effective adaptation to the changes. Interestingly, live sys-
tems have mechanisms allowing for the adaptation responses at different time scales (immediate, intermediate 
and long-term adaptation), which at the system level often points to the presence of different but coupled re-
sponse mechanisms.   

Results of present research demonstrate that even a small levels of psycho-emotional stress (stress factors 
were not extreme and were expected in advance: in our case-test subjects were aware of the changes in their en-
vironment) were capable of changing the level of cortisol and serotonin and were reducing the functional activi-
ty of specific parts of the immune system. It is known that the development of the immune response is mediated 
by T-helper lymphocytes, commonly used as the markers of humoral and cell immunity (IL-4 and IFN-γ). Mon-
itoring blood concentration of these markers has shown that nonspecific response to the stimuli in the psychic 
domain also activates adaptive-search mechanisms maintaining overall system balance (homeostatic balance, 
homeorhesis). Through monitoring of the dynamics of the endocrine and immune responses to the psychic sti-
muli it is possible to correlate the stages of the stress onset (dynamics in the psychic domain), to the phases of 
specific immune reactions (dynamics in the immune domain). It is quite clear that immune responses are trig-
gered by both psychic and infection stimuli, showing up as the T-cell response carried out with the participation 
of Th1 and Th2 lymphocytes. Established strong correlations between the parameters characterizing activation 
of the psychic and immune responses support the hypothesis of the presence of “strong cooperation” between 
two sub-systems. It also does not contradict more general hypothesis suggested earlier that we are monitoring 
different manifestations of the functioning of a complex inseparable psycho-immune meta-system [12]. Within 
latter hypothesis observed phenomena are the manifestations of a common mechanism reacting to various ad-
verse factors, which can have a profound biological sense. As threatening factors are extremely diverse it is 
hardly possible to “store” all needed specialized and ready-to-go adaptation programs. More effective strategy in 
this case could be in simultaneous triggering of “centrally-supervised” adaptation control mechanisms creating a 
basis (metabolic, functional, structural) for a variety of adaptation strategies at different system levels [55]. 

In this multi-level adaptation strategy, psychic and immune domains play a central role in ensuring the sur-
vival and successful development of the live organism in all time scales (immediate, intermediate and long-term) 
of its dynamics. Attributing psychic and immune responses to different and separate sub-systems is most proba-
bly a result of the “reduction” at the early stages of constructing the models facilitating better understanding of a 
very complex live system functioning. The same time more and more facts, including the results of present re-
search, are pointing out to the fact that two domains (psychic and immune) are functioning in certain synchron-
ism and are intricately coupled [12]. It is not possible to speculate at the moment if these two domains were sep-
arate at the early stages of evolution and later developed similar regulatory mechanisms and behavioral patterns, 
or this happened through diversification and specialization of the mechanisms originally being a part of a single 
system, or these domains have evolved as inseparable entity all the time. But to the moment more and more facts 
are indicating that we deal with a complex meta-system, which not only provides multiple “layers of protection” 
and keeps the “library” of successfully used strategies, but also is capable of creating and adjusting new strate-
gies helping to protect live organism against overload and destruction. And in the adaptation process of highest 
priority (support of life, dynamic homeostasis, or homeorhesis [18] [19] [59]), live organism invokes all major 
resources, including the mechanisms functioning across the psychic, immune and endocrine domains.  
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