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Introduction. The demand for scien-
tific studies detailing the results of addi-
tional vitaminization of schoolchildren is 
related to the fact that the actual nutrition 
of children aged 7-14 years in the Arctic 
is characterized by significant shortcom-
ings in the form of a deficiency of micro 
and macro nutrients, which increases the 
risk of developing many diseases [1, 5, 
7, 12]. Especially important is the optimal 
supply of vitamins of children of primary 
school age, when intensive growth and 
formation of the organism.

The national program for the optimi-
zation of the provision of vitamins and 
minerals of children in Russia empha-

sized that one of the methods of choice 
that favorably differ from others is the 
vitaminization of children's food rations 
using multivitamin preparations [5]. This 
has been justified earlier in Russia [1, 5, 
7] and abroad [9, 11, 12].

For reliable evidence of the effect of 
the use of vitamin complexes for prophy-
lactic purpose the object of study should 
include the characteristics of homeostatic 
systems of indicators of the adaptive ca-
pabilities of the organism. These require-
ments are met by blood cells as com-
ponents of the immune system involved 
in adaptive responses to preserve the 
changed homeostasis [3, 10]. 

It is well known the participation of 
blood cells in the mechanisms of the 
adaptation syndrome, including the con-
ditions of the Far North [2, 4]. Monoami-
nergic systems exert their influence on 
immune responses through the hypothal-
amus-pituitary-adrenal system. The reali-
zation of these processes occurs through 
the action of mediators and hormones on 
the corresponding receptor structures of 
the cells of the immune system [3, 10]. 

It is known that hormones and neu-
rotransmitters can affect the functional 
activity of these cells, causing either stim-
ulation of the immune response with an 
increase in the proliferative abilities of the 
cells, or activate suppressor activity, re-

ducing the level of the immune response 
[2, 3, 10]. In the literature there is infor-
mation that the complexes of vitamins 
and minerals exhibit immunomodulatory 
and antioxidant activity have an adapto-
genic effect on the organism [1, 3, 7.

There are no studies on the variabil-
ity of the immune system parameters in 
children of primary school age after pro-
longed vitaminization in the conditions of 
the Far North, which determines the rele-
vance and scientific novelty of this work.

Aim of the study: to identify the fea-
tures of the variability of morphofunction-
al indicators of the immune system of 
schoolchildren after prolonged vitamini-
zation in the Arctic.

Material and methods of research. 
Schoolchildren - representatives of the 
alien population of the North aged 10–11 
years living in the city of Norilsk (60 peo-
ple) were under observation. The children 
of the same school, who regularly took a 
domestic multivitamin complex, 1 tablet 
once a day, during the school year from 
September to March, made up the main 
observation group (n = 30, 15 girls and 
15 boys). Children from another school 
who did not take multivitamins constitut-
ed the comparison group (n = 30, 15 girls 
and 15 boys).

Both schools were located in areas 
with the same environmental situation. 

The paper reports a representative study of the effect of vitaminization of children of the North on one of the most important indicators of health 
- immunity. Objective of the study: to identify the features of the variability of morphofunctional indicators of the immune system of schoolchildren 
after prolonged vitaminization in the Arctic. 

Materials and methods. Practically healthy schoolchildren aged 10-11 years (60 people) living in the city of Norilsk was examined. Children 
from the same school, who regularly took a domestic multivitamin complex of 1 tablet once a day from September to March, made up the main 
group (n = 30). Children from another school who did not take multivitamins formed a comparison group (n = 30). The luminescent-histochemical 
method of H. Yokoo et al. (1982) modified by V.P. Novitskaya (2000), the content of catecholamines (CA) and serotonin (Ser.) in lymphocytes and 
the ratio of catecholamines: serotonin (CA / Ser.) were determined; hematological method was used to determine the blood composition indicators 
in percent: basophils, %, eosinophils, %, band neutrophils,%, neutrophils,%, lymphocytes,%, monocytes, %, and the Garkavi index : lymphocytes 
/ neutrophils. 

Results and discussion. It was established that after the inclusion of multivitamins in the diet of children, a decrease in the level of CA and an 
increase in the serotonin content in blood lymphocytes was observed. It was revealed that in boys of the main group the level of CA decreased by 
2.6 times (p <0.001), whereas in girls it was only 1.5 times (p <0.01) relative to the children of the comparison group. Along with a change in the 
balance of neurotransmitters after taking multivitamins in girls and boys in the main group, an increase of 1.5-1.6 times (p<0.05) was observed in 
the percentage of band neutrophils relative to children in the comparison group. 

Conclusion. The results of the study showed the multivariate functioning of the immune system of schoolchildren in the conditions of the Far 
North after the inclusion of multivitamins in the diets. A change in the balance of regulatory indicators in schoolchildren's lymphocytes, which can 
change the functional activity of these cells, has been established. Carried out vitaminization, among schoolchildren of the Polar region significantly 
changes the balance of the cellular elements of peripheral blood in children in this region.
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The criterion for inclusion in the study 
was that the children were somatically 
healthy, did not take other medications 
and vitamin complexes, did not under-
go vaccination during this period. The 
examination of children was carried out 
in consultation with the school adminis-
tration, when parents signed an informed 
consent to conduct this observation and 
study.

The exclusion criterion from the study 
was deviations in the condition of the 
children and the disagreement of the chil-
dren and the parents. 

As a means for prophylactic vitamini-
zation, a multivitamin complex containing 
basic vitamins was used, whose compo-
sition is close to the physiological daily 
needs of school-age children [4]. The 
composition of one multivitamin bean 
contains the following components: vi-
tamins   − A  −  3300 IU (200% of daily 
need); B1  − 0.002 g (133%); B2  − 0.002 
g (153%); B6  − 0.003 g (143%); B12  − 
0.000002 g (6.7%); PP  − 0.02 g (100%); 
P  − 0.01g (6.7%); E  − 0.01 g (56%); C  − 
0.075 g (107%); folic acid  −  0.00007 g 
(17.5%) and calcium pantothenate   0.03 
g (60%).

After vitaminization, the children took 
blood from a finger. On blood smears us-
ing the fluorescent-histochemical meth-
od of H. Yokoo et al. (1982) modified 
by V.P. Novitskaya (2000), the content 
of monoamines, catecholamines (CA) 
and serotonin (Ser.) [6] was determined 
in lymphocytes. The level of catechol-
amines and serotonin was expressed in 
conventional units (cu) and the ratio of 
catecholamines: serotonin (CA / Ser.) 
was calculated.

The hematological method deter-
mined the composition of blood leuko-
cytes in percent (leukocyte formula): 
eosinophils,%, basophils,%, band 
neutrophils,%,  neutrophils,%, lym-
phocytes,%, monocytes,%. As an in-
tegration test, the adaptation index 
Garkavi was used, calculated the ratio 
of lymphocytes:neutrophils. Statistical 
processing was performed using the soft-
ware package “Statistica v. 6.1”. The data 
are presented as X ± x, where X – is the 
arithmetic average, x – is the average er-
ror. The Mann – Whitney U-test was used 
to estimate the difference between the 
average in pairwise unrelated samples, 
the difference of values was considered 
significant at p <0.05.

Results and discussion.  Studies 
have shown that changes in the morpho-
logical and functional parameters of the 
cells of the immune system in the exam-
ined groups of children are characterized 
by significant differences (Table 1). First 

of all, it was revealed that the level of cat-
echolamines in lymphocytes of children 
living in conditions of the North (compari-
son group) is significantly higher, and the 
level of serotonin is significantly lower 
than in children living in middle latitudes 
[6]. This ratio is probably related to the 
initially large voltage of adrenergic sys-
tems, in extreme polar conditions, when 
the child’s organism is to some extent 
protected from the effect of their excess, 
by accumulating catecholamines mainly 
in the blood cells.

The inclusion of a multivitamin com-
plex in the diets of children of the Po-
lar region, made it possible to identify 
the dependence of the variability of the 
morphofunctional parameters of the im-
mune system on the sex of the child. 
After vitaminization in children of the 
main group of Norilsk, revealed a de-
crease in the content of СА and an in-
crease in the level of serotonin in blood 
lymphocytes were found relative to the 
indicators of children in the comparison 
group (Table 1). So, when comparing 
the degree of decrease in the content 
in the lymphocytes of СA, it was found 
that in boys of the main group, the level 
of СA decreased by 2.6 times (p <0.001), 
whereas in girls only 1.5 times (p <0.01) 
relative to children comparison groups. 
Thus, after taking multivitamins in boys 
of the main group, the level of CA was 

lower by 41.7% (p <0.001) than in girls.
When comparing the degree of in-

crease in the serotonin content in the 
lymphocytes of children, it was found 
that in girls of the main group the level 
of serotonin increased 2 times (p <0.01) 
whereas in boys only 1.5 times (p <0.05) 
compared to children of the comparison 
group.     Accordingly, the ratio of СA / 
Ser. in boys of the main group, it was 
lower by 3.8 times (p <0.01), and in girls 
it was only 2.5 times lower (p <0.01) rel-
ative to the children of the comparison 
group. Thus, the ratio of СA / Ser. in boys 
2 times lower (p<0.01) than in girls of the 
main group (Table 1). 

By themselves, these facts indicate a 
possible decrease in the rate of capture of 
СA by lymphocytes or a decrease in their 
synthesis by cells. On the other hand, the 
level of monoamines characterizes sexu-
al dimorphism of the reactivity of immune 
cells in schoolchildren of the Far North.

The decrease in this ratio in children of 
the North after vitaminization indicates a 
change in the balance of neurotransmit-
ters, which play a huge role in the pro-
cess of human adaptation to the condi-
tions of the North. The study showed that 
the use of multivitamins selectively mod-
ulates the activity of peripheral monoami-
nergic structures,

Analysis of hematological parameters 
obtained by us (Table 2) in children of 

he content of monoamines in the blood lymphocytes of children of two schools in 
Norilsk after vitaminization (X ± x)

Indicator
Main group Comparison group 

Girls
n=15

Boys
n=15

Girls
n=15

Boys
n=15

Catecholamines (cu)
Serotonin (cu)
СA  / Ser.

42.0± 3.57**
130.8± 21.34**
0.42± 0.09***

24.5± 1.9***
127.7± 12*
0.21± 0.02**

62.2± 3.99
65.86± 6.14
1.05± 0.11

63.93± 3.23
85.2± 5.11
0.8± 0.07

Note. In the Tables 1 and 2 statistically significant differences between the groups of children 
taking vitamins (main group) and the comparison group: * р<0,05; ** р<0,01; ***р<0,001.

Table 1

Leukocyte blood counts in children from two schools in the city of Norilsk after 
vitaminization (X ± x)

Показатель
Группа основная Группа сравнения

девочки
n=15

мальчики
n=15

девочки
n=15

мальчики
n=15

Eosinophils, %
Basophils, %
Band neutrophils, %
Neutrophils, % 
Lymphocytes, %
Monocytes, %
Lymphocytes : 
Neutrophils

5.3± 1.31
0.3± 0.16*
4.7± 0.12*
40.9± 1.74
46.5± 1.69
2.3± 0.38**
1.16± 0.08

4.47± 0.82
0.31± 0.11
4.15± 0.11*
39.73± 2.02
50± 1.92
1.26± 0.2
1.34± 0.1

4.2± 0.93
1.13± 0.28**
3.13± 0.15
41.93± 1.79
48.13± 1.49
1.46± 0.28
1.19± 0.01

5.53± 0.65
0.26± 0.12
2.53± 0.12
43.4± 1.68
47.06± 1.87
1.2± 0.2
1.12± 0.08

Table 2
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the alien population of the Polar region 
(comparison group) showed that the 
characteristic of the cellular composition 
of peripheral blood is mainly subject to 
patterns, studied in detail and well known 
in the literature. In these groups, high val-
ues of the Garkavi adaptation index are 
recorded, which correspond to the reac-
tion of increased activation of the organ-
ism.

The shift in the level of neurotransmit-
ters we noted after prophylactic vitamini-
zation is also reflected in the composition 
of the leukocyte formula. (Table 2). The 
initial structure of the blood composition 
indicators (the comparison group) by 
gender did not significantly differ among 
schoolchildren in the Polar region. We 
can only note that in the comparison 
group girls, the level of basophils is 80% 
(p<0.01) higher than in boys. Such a 
structure of blood parameters, apparent-
ly, can be regarded as one of the variants 
of regional specificity.

We found that after vitaminization 
there are differences in the leukocyte 
formula between girls and boys. Thus, in 
the girls of the main group, a decrease 
in the basophil content by 3.76 times (p 
<0.05) relative to the girls of the compar-
ison group was revealed. It is known that 
there is a close functional relationship 
between peripheral blood basophils and 
tissue basophils. It is noticed that with a 
decrease in cells of one type, the number 
of cells of another type increases [3]. Ac-
tivation of tissue basophils is usually ac-
companied by the release of biologically 
active components, such as serotonin 
[3]. Confirmation of this, we see that after 
vitaminization in the lymphocytes of chil-
dren in the main group of Norilsk, the lev-
el of serotonin was higher than in children 
of the comparison group.

 Along with a change in the balance 
of neurotransmitters after taking multivi-
tamins in children of the main group, a 
change in the percentage of band neutro-
phils was revealed. In both girls and boys 
of the main group, an increase of 1.5-
1.6 times (p<0,05) was observed in the 
percentage of band neutrophils relative 
to the children in the comparison group. 
The increased level of band neutrophils 
in the blood indicates the activation of 
bone marrow cells to enhance prolifera-
tion and mitotic activity, probably due to 
multivitamins.

 The results described clarify the idea 
that an increase in band neutrophils 

usually occurs during acute or moder-
ate chronic stress. The development of 
neutrophilic leukocytosis is mainly asso-
ciated with an increased intake of bone 
marrow or vascular neutrophils from 
the cellular reserve into the circulation, 
which are recruited by glucocorticoid and 
monoamines. According to modern con-
cepts, central adrenergic, dopaminergic 
and serotonergic structures play a co-
ordinating role in the implementation of 
the response of the blood system to the 
effects of extreme irritants of various eti-
ologies [2]. 

 In addition, in the main group of girls, 
an increase of 45.2% (p<0.01) in the per-
centage of monocytes relative to the main 
group of boys was established (Table 2)

After vitaminization in the main groups 
of schoolchildren, high values of the 
Garkavi adaptation index were also ob-
served, which correspond to the reaction 
of increased activation of the organism.

Conclusion. The research results 
showed the complexity and multivariabili-
ty of the functioning of the immune system 
of schoolchildren in the conditions of the 
Far North after the inclusion of multivita-
mins in the diets. A change in the balance 
of regulatory indicators in schoolchil-
dren's lymphocytes, which can change 
the functional activity of these cells, has 
been established. The decrease in the 
level of СА and the increase in the se-
rotonin content are associated not only 
with the effect of the vitamin complex on 
biochemical mechanisms, the synthesis 
and decomposition of monoamines, but 
also with the state of the metabolic and 
regulatory systems of the inhabitants of 
the North. 

Vitaminization among schoolchildren 
of the Polar region significantly changes 
the balance of the cellular elements of 
peripheral blood in children in this region.
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