
YAKUT MEDICAL JOURNAL
32

A.V. Samodova, L.K. Dobrodeeva

Introduction. The influence of ad-
verse climatic factors on the human body 
is associated with pronounced fluctua-
tions in the functional activity of various 
systems with the expansion of the limits 
of fluctuations of almost all physiologi-
cal parameters, reduction of the reserve 
capacity to regulate homeostasis. This 
concerns, first of all, the neuro-immu-
no-endocrine regulation of the functions 
of the cardiovascular system. The earli-
est reactions are from the side of cate-
cholamines and short peptides, which 
alter the hemodynamics, frequency and 
strength of heart contractions. Thus, the 
short peptide endothelin-1 has a power-
ful vasoconstrictor effect [16]. The brain 
natriuretic peptide (Nt-pro–BNP) ensures 
the preservation of intracellular pressure 
by keeping sodium in the cell against the 
density gradient [10]. Irisin induces the 
activation of thermogenin in the cells of 
brown adipose tissue [14]. One of the 
pathogenetic factors of cardiovascular 
crises is the systemic effect of proin-
flammatory cytokines. Pro-inflammatory 
cytokines are secreted by any cell in re-
sponse to a negative factor that threatens 
the integrity and functional activity of the 
cell. The physiological effect of cytokines 
is mainly local, but with an increase in 
their concentration in the blood, systemic 
damage may develop. Damage to endo-
thelium cells during an inflammatory re-
action is accompanied by their retraction 

and the formation of gaps [8]. The insta-
bility of the immune system during a long 
stay in the polar region is accompanied 
by the formation of environmentally de-
pendent immunodeficiencies. It is known 
that the T-cell homeostasis system is 
very stable and capable of self-preserva-
tion even with the elimination of 15% of 
the cells [11]. A secondary violation of the 
T-cell repertoire, up to immunodeficiency, 
usually develops through a violation of 
T-cell clonal equilibrium due to prolonged 
or extreme predominance of activation. 
The aim of the work is to establish the 
role of the deficiency in the content of cir-
culating leukocytes in preserving the im-
mune status of people in the conditions of 
life on the Svalbard archipelago.

Material and methods of research. 
We surveyed 74 able-bodied residents 
of the village of Barentsburg Arch. Sval-
bard, 45 women and 29 men, aged from 
20 to 60 years, during the polar day (Ju-
ly-August 2017) and 77 healthy people at 
the time of the survey are people living 
in Arkhangelsk, 64 of them are women 
and 13 are men aged 21 to 55 years. 
All studies were carried out with the 
consent of the volunteers and in accor-
dance with the requirements of the Hel-
sinki Declaration of the World Medical 
Association on the ethical principles of 
medical research (2000). The complex 
of immunological research included the 
study of the number and ratio of cells of 

hemogram, neutrogram, monocytogram, 
lymphocytogram, phagocytic activity of 
neutrophilic peripheral blood leukocytes 
in blood smears stained by the Roma-
novsky-Giemsa method. The selection of 
mononuclear cells from peripheral blood 
was performed according to the meth-
od of A. Boum [6]. Phagocytic activity of 
neutrophils was studied after incubation 
of 100 μl of citrated blood and an equal 
amount of reagent with Reactlex produc-
tion latex at 37 ° C for 30 minutes. The 
phenotypes of peripheral blood lympho-
cytes (CD3 +, CD4 +, CD8 +, CD10 +, 
CD19 +, CD23 +, CD71 +, CD95 +) were 
studied by indirect immunoperoxidase re-
action (Sorbent reagents, Moscow). The 
content of cytokines IL-1β, TNF-α, IL-6, 
irisin, endothelin-1 and brain natriuretic 
peptide (Nt-pro-BNP) was determined by 
enzyme immunoassay in the serum on 
an automated immuno-enzyme analyzer 
"Bio-RAD" (Germany). The concentration 
of circulating immune complexes was 
determined by the standard precipitation 
method using 3.5%; four%; 7.5% PEG-
6000. Mathematical and statistical analy-
sis of the research results was carried out 
on a IBM / AT-Pentium 4 computer using 
the Microsoft Excel 2010 (USA) and Sta-
tistica 7.0 application software (StatSoft, 
USA).

Results and discussion. The inhabi-
tants of the Spitsbergen archipelago 
have a lower total leukocyte count in pe-
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ripheral venous blood (5.07±0.18 and 
5.80±0.19Х109 cells/l; p <0.01) due to 
neutrophilic granulocytes (2.48±0.11 and 
2,96±0,14Х109 cells/l; p<0.05) mainly 
with 2 and 3 segments of the nucleus (re-
spectively, 0.62 ± 0.03 and 0.85±0.05Х109 
cells/l; p <0,01 and 1.02±0.05 and 1.24 ± 
0.06Х109 cells/l (p <0.01); neutropenia is 
registered in 32.43% of the patients (24 
people). The deficit of active phagocytes 
is set at 14.71% and only in 4.48% of 
cases coincides with neutropenia. In indi-
viduals with neutropenia, a high level of 
phagocytic protection was recorded: 
71.33 ± 4.66% with an intensity of phago-
cytosis - 9.67±1.74 pcs. The residents of 
the village. Barentsburg increased neu-
trophil phagocytic activity level was de-
tected in 30.88% (29 people) and aver-
aged 91.0 ± 1.38% with phagocytosis 
intensity - 17.9 ± 1.75 pcs. It is known that 
adverse environmental factors in the ear-
ly stages increase the activity of phago-
cytes, but further, reducing the reserve 
capacity, reduce the activity of phagocy-
tosis and its intensity [1]. In the structure 
of the hemogram in the examined individ-
uals of the Arctic settlement, the content 
of monocytes is lower (0.22±0.02 and 
0.37±0.03Х109 cells/l; p<0.001) mainly 
due to promonocytes (0.03±0.002 and 
0.16±0.02Х109 cells/l; p <0.01) and lym-
phocytes (2.19±0.09 and 2.33 ± 0.11Х109 
cells /l; p <0.05) of mostly small forms 
(1.20±0.05 and 1.42± 0.08Х109 cells/l; p 
<0.01), which are known not only to circu-
late intensively, but are also capable of 
recycling [7]. Monocytopenia and lymph-
openia were detected in 28.38 and 
18.92% of the examined individuals, re-
spectively. It is known that a decrease in 
the content of leukocytes is the main sig-
nal for admission of the corresponding 
cells from the depot to the circulation [7]. 
So, the main neutrophil depot is the lung 
capillary network. The tissue pool of 
monocytes is 3.5 times higher than the 
content of tissue neutrophils [13], so the 
migration processes of monocytes from 
the blood may seem less intense and ap-
pear less pronounced. There is an as-
sumption that monocytes are recyclable 
[7]. Practically in all examined persons 
(91.89%), there was a deficiency in the 
content of mature T-lymphocytes (CD3 
+), the average level of which was 
(0.61±0.03)X109 cells/l. The low level of 
activated T-cells with transferrin receptor 
(CD71 +) (0.32±0.02)X109 cells/l is note-
worthy, in 87.83% of cases there was a 
deficit of these cells, which makes it pos-
sible to judge the intensity of anaerobic 
metabolism in people living in the arctic 
territory. 10.81% of the inhabitants of the 
archipelago increased the content of cy-
totoxic lymphocytes (CD8 +), the average 

level of which was (0.38±0.02)X109 cells / 
l. In 44.59% of the examined, there was a 
deficiency in the content of T-helper cells, 
the average content of which was 
(0.48±0.03)X109 cells/l). A low content of 
immunocompetent cells labeled for pro-
grammed death by the Fas receptor was 
established, which corresponds to a low 
level of lymphoproliferation activity. Thus, 
the content of lymphocytes with the CD95 
receptor was (0.34±0.02)X109 cells/l and 
in 87.83% of cases the level of these 
cells was lower than 0.6X109 cells/l. 
Against the background of insufficient 
content of mature T cells in the inhabi-
tants of the archipelago, only 13.51% of 
cases showed signs of increased lym-
phocyte proliferative activity with an in-
crease in the content of lymphocytes with 
CD10 receptor in the peripheral blood 
(0.44±0.03)X109 cells/l, as well as elevat-
ed levels of B lymphocytes with the CD19 
receptor and the Fc receptor for IgE (0.43 
± 0.03) and (0.38 ± 0.03)X109 cells/l, reg-
istered respectively in 14.86 and 20.27% 
of cases. Against the background of T-cell 
deficiency, residents of Spitsbergen most 
frequently recorded elevated concentra-
tions of short peptides: irisin in 45% of the 
subjects, brain natriuretic peptide (Nt-
pro-BNP) and endothelin-1, respectively, 
in 20 and 10% of cases. The content of 
Nt-pro-BNP, endothelin-1 and irisin 
among residents of the Arctic village, as 
well as among residents of the city of 
Arkhangelsk, is in a very wide range of 
fluctuations (respectively, 0.56-219.72 
and 1.713-267.87 fmol / ml; 0.05-3.84 
and 0.073 - 7.018 fmol / ml; 0.001-14.59 
and 0.605 - 24.328 μg / ml). The most 
dramatic differences are very often es-
tablished with respect to iris; in other 
words, the problem of heat production is 
the most important. In the background 
are the problems of preserving the os-
motic pressure of the cell by preserving 
sodium against the density gradient on 
the part of the brain natriuretic peptide 
and on the latter the dysregulation of va-
soconstriction with endothelin-1. It is 
known that the content of irisin is inter-
connected with the concentrations of the 
main pro-inflammatory cytokines - TNF-α 
and IL-6 [12]. Indeed, individuals living in 
Spitsbergen archipelago have a higher 
concentration of pro-inflammatory TNF-α 
(14.05±0.70 and 2.85±0.37 pg / ml, p 
<0.001) unchanged on the side of IL-1β 
(11,24±3.22 and 9.63±0.54 pg / ml) and 
IL-6 (5.59±0.32 and 5.80±0.52 pg/ml). 
Orientation toward inflammatory cyto-
kines suggests a higher level of reactive 
oxygen metabolites, a sharp increase in 
phagocytosis. TNF-α plays an extremely 
important role in the first moments of the 
inflammatory reaction, because it acti-

vates the endothelium and promotes the 
expression of adhesive molecules, which 
leads to the adhesion of granulocytes to 
the inner surface of the vessel. Under the 
influence of TNF-α, the transendothelial 
migration of leukocytes occurs in the tis-
sue [15]. On myocardiocytes there are 
specific receptors for iris. Through these 
receptors, irisin is capable of enhancing 
metabolic processes, increasing mito-
chondrial biogenesis and increasing oxy-
gen consumption and energy expendi-
ture in myocardial cells, which is 
accompanied by inhibition of cell prolifer-
ation, but also contributes to their differ-
entiation [9]. To prevent the loss of the 
extracellular pool and maintain the hydro-
dynamic pressure of the cells, the influ-
ence of the brain natriuretic peptide is 
activated [2]. At the same time, an in-
creased level of Nt-pro-BNP is a risk of 
hemodynamic disturbances with possible 
signs of myocardial overload, left ventric-
ular hypertrophy and renin-angiotensin 
system insufficiency, which provides the 
level of tissue oxidation [17]. Inhibition of 
lymphoproliferation and differentiation of 
lymphocytes with an increase in the con-
tent of brain natriuretic peptide in the 
blood is associated with a deficiency of 
IL-2 and is due to an increase in the con-
centration of IL-10. In the blood of the in-
habitants of arch. Svalbard recorded ele-
vated levels of circulating immune 
complexes. Thus, the average content of 
the CEC IgA is 3.9±0.23 g/l, in 55.41% of 
cases elevated levels are noted. In 
81.08% of the examined individuals, ele-
vated concentrations of IgM CIC were 
detected with an average content of 6. 
±0.40 g/l. Anomalous CIC IgG values ​​
were established for all villagers, exceed-
ing the upper limit of the norm by a factor 
of 13 - 45.3±2.03 g/l. It is known that 
long-term circulation in the blood of the 
CEC contributes to the formation of their 
deposits in the tissues, on the basement 
membrane of small vessels and capillar-
ies and leads to disruption of microcircu-
lation, blockage of vessels, damage and 
necrosis of tissues [4]. This is facilitated 
by violations of blood flow, triggering the 
adhesion and aggregation of platelets, 
the release of vasoactive amines and an 
increase in vascular permeability. Thus, 
56.76% of the examined individuals re-
corded platelet aggregation and their ly-
sis. The CEC interacts with cells that 
have membrane FcIg receptors for the 
components of the complement system, 
which enhances platelet aggregation with 
the involvement of collagen and fibrin in 
this process. Abnormally high levels of 
the CEC can disrupt microcirculation, ac-
companied by impaired blood supply, 
changes in migration, exudation and 
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transudation [3]. Conclusion. Thus, neu-
tropenia (32.43%), monocytopenia 
(28.38%) and lymphopenia (18.92%) are 
recorded in the working-age population 
living in climatic and geographical condi-
tions of the Spitsbergen archipelago. The 
decrease in the content of neutrophils oc-
curs due to functionally active cells, low 
concentrations of monocytes, mainly pro-
monocytes, lymphocytes - mostly small 
forms, which, according to the literature, 
constitute the majority of recycled cells. 
Small lymphocytes that retain information 
of antigens and which are predominantly 
T-cells of the reserve pool, are capable of 
being recycled, and are capable of fur-
ther blast transformation and differentia-
tion [5]. The decrease in the content of 
circulating neutrophils and monocytes is 
associated with a sharp increase in the 
activity and intensity of phagocytosis. An 
increase in phagocytic activity is likely to 
compensate for a decrease in the con-
centration of phagocytes in the blood 
and, possibly, is a reflection of the activity 
of the reactions of the microcirculatory 
bed. Against the background of neutrope-
nia and monopenia, there is most often a 
deficit in the content of mature T-lympho-
cytes (91.89%), activated T-cells with a 
receptor for transferrin and T-helper cells 
(44.59%), i.e. The risk of T helper immu-
nodeficiency is very high. Against the 
background of T-cell deficiency, the lev-
els of irisin are increased (45%), which 
indicates the need to increase heat pro-
duction. Signs of compensatory prolifera-
tion of myeloid cells and lymphocytes 
have not been established: the content of 
stab neutrophils, promonocytes, as well 
as large lymphocytes, CD10 + and CD95 
+ is not increased. The increase in the 
activity of phagocytes, in all likelihood, 
does not fully compensate for the defi-
ciency of their content in the blood, since 
elevated concentrations of CIC are re-
corded very often (CIC IgA 55.41%, IgM 
81.08% and IgG 100%). The voltage of 
hemodynamic regulation reactions is not 
so rare; elevated concentrations of Nt-
pro-BNP and endothelin-1 were record-
ed, respectively, in 20 and 10% of the 
examined individuals.
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