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The study of the chemical substances’ content of anthropogenic origin in children with subclini-

cal polyhypovitaminosis was conducted. It was found that a deficiency of vitamins A, C, E, B6 and B12 
increases the risk of developing of elevated concentrations of organic substances of technogenic origin 
in blood in 1.4–6.9 times. In children with subclinical polyhypovitaminosis and high blood phenol, 
formaldehyde, aromatic hydrocarbons, and organ chlorine compounds increases the tension of eryth-
ropoiesis, decreases the activity of proliferating processes of lympfomonocytic germ cell factors of 
nonspecific resistance. Even subclinical forms of polyhypovitaminosis on the background of high con-
tent of organic compounds in the blood of children are accompanied by a slowdown of protein and 
carbohydrate metabolism, depletion of antioxidant defense system of reserves and shortage of energy 
metabolism. Developing disorders of fat metabolism in children with subclinical polyhypovitaminosis 
occur against a background of strained reactions of hormonal regulation that, in case of the progres-
sive course may pose a threat to the early development of cardiovascular disease in older age groups. 

Key words: children, subclinical polyhypovitaminosis, chemicals, man-made origin, metabolism, 
immunoresistance. 
 

 
If we overview numerous researches dedicat-

ed to vitamins provision of the Russian Federation 
population we can see that subclinical polyhypo-
vitaminosis is widely spread in children [1, 5, 7, 
11]. According to the data given by Russian Acad-
emy of Science Institute of Nutrition, up to 70% of 
children in the RF regardless of age, season or 
place of residence have combined deficiency of 3 
and more vitamins. [13]. In particular, 60-90% of 
examined children have B group vitamin defi-
ciency (thiamine, riboflavin, pyridoxine, nico-
tinic acid and folic acid), more than 40% have 
beta-carotene deficiency, and 70-90% suffer 
from vitamin C deficiency [11,12,14]. Vitamin 
deficiency results in children health impair-
ment, poorer mental and physical performance, 
disorders in detoxification processes of foreign 
substances, physical and mental retardation, 
immune insufficiency, susceptibility to various 

pathologies evolvement and chronic diseases [1, 
6, 8, 10].  

Majority of researchers consider food vit-
amin insufficiency (improper nutrition and natural 
low vitamin content in food stuffs) to be the prima-
ry reason for polyhypovitaminosis evolvement [1, 
2, 5]. At the same time we should note that nega-
tive effects causes by production induced chemi-
cals can also exert significant influence on children 
vitamin provision [1, 3, 4, 11].  L.A. Chesnokova 
at al (2013) detected total А, Е, С, В1, В2 and В6 
vitamin deficiency in children living in Eastern 
territory economic zone of Orenburg region and 
explained its evolvement by environment (air, soil 
and drinking water) pollution with production in-
duced chemical substances. Those substances en-
hanced free-radical oxidation processes that deter-
mined greater vitamin consumption [14]. Accord-
ing to V.G.Rebrov at al (2008) retinol and its 
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ethers, riboflavin, pyridoxine hydrochloride, panto-
thenic and ascorbic acids and their salts, folic acid, 
colecalciferol, argocalciferol and rutin are the most 
sensitive to negative influence of production in-
duced chemicals [12]. Yu.G. Kovalsky at al (2002) 
proved that children chronically exposed to 
methanthiol had lower content of A, C, and E vit-
amins in their blood [7]. N.A,Kuzmichiova re-
ceived similar data when examining children living 
in areas where air was polluted by chemicals with 
strong oxidants properties [6,7,9]. 

The primary goal of our research was to 
study mechanisms of metabolism disorders 
evolvement in children suffering from subclinical 
hypovitaminosis and affected by environmental 
chemical factors. 

We needed to receive objective estimation 
of the influence that is exerted by vitamin provi-
sion on primary metabolism processes in children 
being affected by complex combined effect of pro-
duction induced environmental chemical factors. 
Therefore we conducted profound laboratory ex-
amination of 108 children aged 5-6 years and at-
tending a preschool educational establishment for 
not less than 3 years. All preschool educational 
establishments were situated in a big industrial 
city. Relying on the results of preliminary medical 
and social questioning we excluded the following 
children from our examination pool: children from 
asocial families; children from families with in-
comes lower than living wage; children suffering 
from severe chronic diseases; as well as children 
with heritable and congenital pathologies. 

We used a set of sanitary and hygienic, la-
boratory and mathematic techniques in our re-
search. Medical and biological research was con-
ducted in full conformity with the ethic principles 
stated in Helsinki Declaration (1975; expanded 
1983) and the Russian Federation State Standard 
“Appropriate Clinical Practice” ГОСТ-Р 52379-
2005 (ICH E6 GCP). 

To estimate air quality in preschool educa-
tional establishments we took air samples in game 
rooms and carried out chemical analysis to detect 
phenol, formaldehyde, ethyl benzene and benzene 
content. Samples were taken in accordance with 
the R ISO 16000-1-2007 State Standard “Air in 
closed premises. Part 1. Sampling. General guide-
lines.” We defined formaldehyde with the use of 
highly effective liquid chromatography in accord-
ance with Control Guidelines No. 4.1.1045-01 
“Defining formaldehyde and maximum permissi-
ble aldehydes (С2-С10) in air with highly effective 

liquid chromatography”. Benzene and ethyl ben-
zene were defined with the use of gas chromatog-
raphy; phenol with the use of spectrophotometric 
techniques according to “Air pollution control 
manual 52.04.186-89” item 5.3.5.1 and item 
5.3.3.5.  

All examinations of air samples were con-
ducted with the use of up-to-date analytical equip-
ment. Thus, phenol content was defined with 
«Lambda» spectrophotometer produced by «Perki-
nElmer» Inc., USA; benzene and ethyl benzene 
content was analyzed with “Kristall 5000” gas 
chromatograph equipped with HP-FFAP 
50*0.32*0.50 capillary column and ionization-in-
flame detector. We measured formaldehyde con-
centration with «Agilent 1200 Series» liquid chro-
matograph equipped with diode-matrix detector. 
Daily average concentrations of chemical sub-
stances in the air of the examined preschool educa-
tional establishments were calculated as arithmeti-
cal mean value of their single concentration in 
samples taken during 24 hours.  

Water quality estimation in preschool edu-
cational establishments was carried out on the ba-
sis of monitoring research conducted by Federal 
Information Fund for Sanitary and Hygienic Moni-
toring and in-situ research results. We defined 
chloroform and carbon tetrachloride with the use 
of “Khromatek-Kristall 5000” gas chromatograph 
equipped with halogen selective detector. 

We determined formaldehyde, phenol, 
ethyl benzene, benzene, chloroform and carbon 
tetrachloride content in children’s blood according 
to standard techniques. 

We conducted micro-biological tests com-
bined with colorimetric technique («ID-Vit® Vit-
amin B6» and «ID-Vit® Vitamin B12», Immunodi-
agnostik АG, Germany) to define В6 and В12 vita-
mins content in blood. C vitamin content was 
determined by colorimetric test with test system 
aimed at water-soluble C vitamin definition (Im-
munodiagnostik АG, Germany), and A, D and E 
vitamins content – by immune-enzyme analysis 
techniques («Human Vitamin A, VA Elisa Kit, 96 
CSB», CUSABIO BIOTECH, Сo. Ltd., China; 
«25-ОН Vitamin D», «Euroimmun AG» Germany; 
« Human Vitamin Е, VЕ Elisa Kit, 96 CSB», 
CUSABIO BIOTECH, Сo. Ltd., China). 
«ELx808IU» immunology lab analyzer and «Infi-
nite F50» immune-enzyme automatic microplate 
analyzer were used. 

All examined children were divided into 
two groups according to vitamin provision research 
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results. Focus group included 74 children with 
subclinical hypovitaminosis (two and more vita-
mins deficiency); comparative group was made up 
of 34 children with vitamin provision being at 
physiological level. Both groups were comparable 
in relation to gender characteristics (d=0.83). In 
order to accomplish comparative evaluation of 
primary metabolic processes in children from both 
groups we examined overall parameters of protein 
metabolism (crude protein and albumins), carbo-
hydrate metabolism (dextrose), lipid metabolism 
(crude cholesterol, triglycerides, high and low den-
sity lipoproteins), mineral metabolism (Fe, ionized 
calcium, K, Na, Mp and P), pigmentary metabo-
lism (bilirubin and its fractions, and alkaline phos-
phatase), and energy metabolism (level of cyclic 
adenosine monophosphate and cyclic guanosine 
monophosphate). Simultaneously we paid attention 
to oxidant and anti-oxidant reactions activity (gen-
eral anti-oxidant activity of blood serum, lipid hy-
dro peroxides content and malonic dialdehyde con-
tent), and children’s hormonal profile (adrenaline, 
noradrenalin, dopamine, hydrocortisone, serotonin, 
somatotropic and thyrotrophic hormones, and thy-
roxin).  Immune resistance evaluation was based 
on examining parameters of global blood test and 
immunogram (phagocytosis, absolute and relative 
content of CD3+, CD4+, CD16+56+, CD19+, 
CD3+8+, CD3+CD95+, CD127+ - lymphocytes, and 
level of  А, М, Е and G immunoglobulin). All the 
examinations were completed according to tradi-
tional guidelines with the use of «Micros MC-200» 
microscope, «Konelab» automatic biochemical 
analyzer, «ELx808» immune and enzyme analyzer, 
and standard test packs.  

Information was analyzed as per variation-
frequency analysis with the use of Pirson criterion; 
numerical value validity was estimated according 
to Fisher’s and Student’s tests; and we evaluated 
“concentration of production induced chemicals in 
blood – vitamin content in blood” correlation and 
“vitamin concentration in blood – negative effect 
marker” correlation according to odds relation cal-
culation (OR) and its confidence interval (DI). 
OR≥1 was the evidence of correlation existence 
[14].  

The results of air quality tests in game 
rooms of preschool educational establishments 
showed that formaldehyde content reached 
0.0270±0.0054 mg/m3 and it was higher than hy-
gienic standard (0.01 mg/m3; d≤0.0001); phenol 
content amounted to 0.0169±0.0042 mg/m3 and it 
was also higher than allowable value (0.003 

mg/m3; d≤0.0001). Simultaneously we found ben-
zene (0.0469±0.0094 mg/m3) and ethyl benzene 
(0.0013±0.0003 mg/m3) in the game rooms air; 
however their content conformed to hygienic 
standards (0.1 mg/m3 and 0.02 mg/m3; d=0.0001). 

Water quality estimation in preschool edu-
cational establishments based on Federal Infor-
mation Fund for Sanitary and Hygienic Monitoring 
research data and in-situ research results showed 
that chloroform content in drinking water reached 
2.7 maximum allowable concentration; residual 
chlorine, free and bound, 2.2/1.25 maximum al-
lowable concentration; dichloromethane content 
was about 8.0 maximum allowable concentration. 

As we evaluated vitamin provision in ex-
amined children we found out that its average 
group value (0.228±0.020 mkg/cm3) did not devi-
ate from physiological standard (0.13-0.51 
mkg/cm3; d=0.68); however 15% of children had 
vitamin provision not higher than 0.116±0.006 
мкг/см3 and it was authentically lower than the 
standard (d≤0.01). Average vitamin E content in 
blood reached 0.371±0.033 mkmol/dm3, and indi-
vidual parameters in all cases corresponded to 
physiological standard (0.15-0.87 mkmol/dm3, 
d=0.46). At the same time vitamin C content in the 
examined children’s blood was about only 
4.824±0.314 mg/cm3 that was close to the bottom 
limit of physiological standard (4.0-14.96 mg/cm3, 
d=0.09); but 75% of children had much lower level 
of C vitamin content – not more than 2.875±0.229 
mg/cm3 (d≤0.001 – to the standard). Average vita-
min D provision amounted to 29.38±1.91 ng/cm3 

(physiological standard is 30-100 ng/cm3, d=0.26); 
however 70% of children had not more than 
23.16±1.13 ng/cm3 and was lower than physiologi-
cal standard (d=0.02). We saw the same trend 
when investigating vitamin B content in blood: 
with average group vitamin В6 content being 
6.479±0.584 mkg/dm3 (physiological standard is 
4.6-18.6 mkg/dm3, d=0.72) 60% of children had 
this parameter at only 3.459±0.201 mkg/dm3 and it 
was lower than the standard (d=0.02). Average 
group В12  vitamin  content in children’s blood 
amounted to 166.345± 24.494 pmol/dm3 (physio-
logical standard is 149-616 pmol/dm3, d=0.68); 
however 45% of children had only 121.443±4.103 
pmol/dm3, that was lower than the standard 
(d=0.02). 

We accomplished comparative analysis of 
production induced organic compounds content in 
blood of children suffering from subclinical hypo-
vitaminosis (focus group) and in blood of children 
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with vitamin provision corresponding to physio-
logical standard (comparative group). Research 
results showed that average chloroform 
(0.000813±0.000073 – 0.000914±0.000086 
mg/dm3) and ethyl benzene (0.000128±0.000075 – 
0.000168±0.000017 mg/dm3) content in blood of 
children from the examined groups authentically 
exceeded regional background level (d≤0.001); at 
the same time phenol (0.0086±0.0014 – 
0.0075±0.0016 mg/dm3), formaldehyde 
(0.00293±0.00050 – 0.00217±0.00026 mg/dm3) 
and carbon tetrachloride (0.000033±0.000005 – 

0.000024±0.000008 mg/dm3) were authentically 
lower (d=0.03-0.001) (Table 1). In spite of the fact    
 that average group content of phenol, formalde-
hyde, chloroform, carbon tetrachloride and ethyl 
benzene did not have authentic discrepancies in 
compared groups (d=0.18-0.83) we determined 
that the number of children in the focus group with 
chloroform, carbon tetrachloride and ethyl benzene 
content exceeding regional background level was 
1.4-2.1 times higher than the number of children 
with the same parameter in the comparative group 
(81.1%, 37.8% and 89.2% correspondingly against 
38.2%, 20.6% and 64.7%, d≤0.001).  

Table 1 
Production induced chemical substances content in blood of children with different vitamins А, С, D, В6 

and В12 provision 

Chemical 
substances 

Regional 
background 
content in 

blood 

Focus group Comparative group 

Validity of 
discrepancy 

between groups 

Phenol (mg/dm3) 0.01 0.0086±0.0014 0.0075±0.0016 0.61 
Formaldehyde 
(mg/dm3) 

 
0.005 0.00293±0.00050  0.00217±0.00026 0.18 

Chloroform 
(mg/dm3) 

0 0.000813±0.000073 0.000914±0.000086 0.37 

Carbon 
tetrachloride 
(mg/dm3) 

 
0.00086 0.000033±0.000005 0.000024±0.000008 

0.37 

Ethyl benzene 
(mg/dm3) 

0 0.000168±0,000017 0.000128±0.000075 0.83 

 
Children with polyhypovitaminosis ran rela-

tive risk of enhanced concentration in blood in case 
of such organic compounds as chloroform, carbon 
tetrachloride and ethyl benzene and this risk was 
2.3-6.9 times higher than that in the comparative 
group (ОR=2.31-6.88; DI=1.21-8.44; d=0.02-0.04). 
Then, as we accomplished regression analysis we 
determined weak correlation between enhanced 
chloroform and carbon tetrachloride concentration 
in blood and vitamin A lower level (F=16.59-
216.88, R2=0.19-0.26, d=0.02-0.04); moderate cor-
relation between carbon tetrachloride enhanced 
concentration with lower levels of vitamins B6 and 
C (F=28.77-381.16, R2=0.39-0.48, d=0.001-0.002). 
We should note that a number of children in the 
focus group with phenol and formaldehyde content 
in blood exceeding regional background content 
was 1.6-1.8 times higher than the number of chil-
dren having the same parameter in the comparative 
group (31.1% and 18.9% correspondingly against 
17.7% and 11.8%, d=0.001). Enhanced concentra-

tions of phenol and formaldehyde were likely to be 
found in children with polyhypovitaminosis, rela-
tive risk of their formation was 1.8-2.1 times higher 
than for children from the comparative group 
(ОR=1.77-2.11; DI=1.33-4.07; d=0.03-0.05). We 
detected moderate correlation between phenol and 
formaldehyde enhanced content and vitamin A 
lower level (F=12.03-78.18, R2=0.39-0.46, d=0.01-
0.02) and vitamin С lower level (F=44.31-109.53, 
R2=0.37-0.44, d=0.01-0.02). 

Comparative analysis of average group he-
matologic parameters in both children’ groups 
proved there were no substantial deviations from 
physiological standard for the majority of them 
(table 2). The only exceptions included eosino-
philic and lymphocytic index and relative lympho-
cytes content. Eosinophilic and lymphocytic index 
level exceeded physiological standard 
(0.015±0.020 a.u.) in both groups; it was 
0.064±0.006 a.u. in the focus group and 
0.070±0.007 a.u. in the comparative group 
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(d=0.03-0.04). As for lymphocytes relative content 
their level reached 45.62±3.47% in the focus group 
and 49.71±3.31% in the comparative group 
(d=0.03-0.04 with regard to physiological standard 
of 36-40%). At the same time contrastive research 
of hematological parameters in both children’s 
groups allowed us to define a number of differ-
ences. Children in comparative group had authenti-
cally lower level of erythrocytes absolute content 
(4.01±0.17Х109/dm3 against 4.51±0.14х109/dm3, 
d=0.01) and higher level of reticulocytes 

(0.477±0.0060% against 0.361±0.060%, d=0.01); 
but children in the focus group had higher level of 
leucocytes and segmented neutrophils content 
(7.63±0.27Х109/dm3 against 5.29±0,50Х109/dm3 
and 45.54±7.93% against 37.77±3.54% corre-
spondingly;  d=0.01), and lower level of lympho-
cytes content (40.62±7.47% against 49.71±3.31%) 
and monocytes content (5.05±0.88% against 
6.83±0.61%)  than children in the comparative 
group (d=0.04) (table 2).  

Table 2 
 

Comparative analysis of hematological parameters in children with different provision of А, С, D, В6 and 
В12 vitamins 

 
Parameter 

 
Physiological 

standard 
Focus group Comparative 

group 
Validity of dis-

crepancy between 
groups 

Hemoglobin, gr/dm3 115-135 126.69±4.05 126.41±2.91 0.91 
Erythrocytes, 
1012/dm3 3.9-5.3 4,01±0.17 4.51±0.14 0.01 

Blood color index, 
picograms 24-30 28.39±0.94 27.94±0.92 0.47 

Leucocytes, 
109/dm3 5.5-7 7.63±0.27 5.29±0.50 0.001 

Eosinophils abso-
lute number, 
109/dm3 

150-350 
 

255.69±76.59 
 

240.41±67.28 
 

0.45 

Stab neutrophils, % 0-3 1.15±0.11 1.00±0.00 0.15 
Segmented neutro-
phils, % 37-41 45.54±7.93 37.77±3.54 0.01 

Lymphocytes, % 36-40 45.62±3.47 49.71±3.31 0.04 
Monocytes, % 5-6 5.05±0.38 6.83±0.61 0.04 

Eosinophilic lym-
phocytic index, a.u. 0.015-0.02 

 
0.064±0.006 

 
0.070±0.007 

 
0.71 

Reticulocytes, % 0.2-0.7 0.477±0.060 0.361±0.060 0.01 
Blood plates, 
109/дм3 180-320 306.06±11.37 314.23±21.59 0.74 

 
Comparative evaluation of basic metabolism 

processes in both groups proved that there were no 
authentic discrepancies between physiological 
standard and average group parameters of protein, 
carbohydrate, lipid, mineral, and energy metabo-
lism and antioxidant protection (table 3). Still chil-
dren in the focus group had lower level of crude 
protein (65.37±1.91 gr/dm3) than children in the 
comparative group (71.00±2.14 gr/dm3, d=0.01), 
combined with lower level of dextrose (4.01±0.27 
mmol/dm3 against 4.69±0.34 mmol/dm3, d=0.02). 
Besides we determined discrepancies in mineral 
metabolism parameters; thus, K content in blood of 

children in the focus group amounted to 3.85±0.12 
mmol/dm3 (against 4.46±0.14 mmol/dm3 in the 
comparative group, d=0.006); Na/K coefficient 
was 34.92±0.46 (against 32.00±0.39 mmol/dm3, 
р=0.0003), Fe level was 12.14±3.31 mmol/dm3 
(against 17.17±3.29 mmol/dm3, d=0.0001). Lipid 
metabolism research enabled us to define authenti-
cally higher levels of crude cholesterol (4.78±0.34 
mkmol/dm3) and low density lyposaccharides 
(2.79±0.38 mkmol/dm3) in the focus group than in 
the comparative group (4.08±0.27 mkmol/dm3 and 
2.12±0.26 mkmol/dm3 correspondingly, d=0.005-
0.02).  
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Table 3 
Comparative analysis of biochemical parameters in children with different А, С, D, В6 и В12 vitamin pro-

vision 
 

 
Parameter 

 
Physiological 

standard Focus group Comparative 
group 

Validity of 
discrepancy 

between group 
(d≤0.05) 

Glutamic-pyruvic 
transaminase, Е/dm3 5-42 16.92±1.75 16.88±2.12 0.941 
Aspartate 
aminotransferase, Е/dm3 6-37 35.39±5.01 33.94±2.19 0.121 
Albumins, gr/dm3 35-50 44.00±1.41 43.53±1.41 0.182 
Crude bilirubin, 
mkmol/dm3 0-18.8 8.07±1.92 8.38±2,20 0.563 
Conjugated bilirubin, 
mkmol/dm3 0-4.3 1.85±0.45 1.78±0.27 0.441 
Dextrose, mmol/dm3 3.33-5.55 4.01±0.27 4.69±0.34 0.002 
Fe, mkmol/dm3 6.6-28 12.14±3.31 17.77±3.29 0.0001 
K, mmol/dm3 3.6-5.5 3.85±0.12 4.46±0.14 0.006 
Na, mmol/dm3 135-147 136.33±1.31 136.20±1.21 0.67 
Na/K coefficient 30-50 34.92±0.46 32.00±0.39 0.003 
Creatinine, mkmol/dm3 28-88 49.31±2.19 56.06±3.36 0.041 
Crude protein, gr/dm3 60-80 65.37±1.91 71.00±1.14 0.001 
Triglycerides, mmol/dm3 0.3-1.7 0.52±0.13 0.54±0.09 0.38 
High density lypoproteins 
cholesterol, mmol/dm3 0.8-2.2 1.35±0.15 1.32±0.08 0.22 
Low density lypoproteins 
cholesterol, mmol/dm3 1.55-3.9 2.79±0.38 2.12±0.26 0.005 
Crude cholesterol, 
mmol/dm3 3.11-5.44 4.78±0.34 4.08±0.27 0.02 
Alkaline phosphatase, 
Е/dm3 71-645 234.29±25.33 310.33±31.07 0.001 
Malonic plasma 
dealdehyde, mkmol/cm3 1.8-2.5 2.22±0.19 2.26±0.16 0.36 
Lipid hydroperoxides, 
mkmol/dm3 0-350 311.36±102.84 325.74±96.49 0.536 
Glutathione peroxidase in 
blood serum, ngr/cm3 27.5-54.70 34.44±5.29 43.78±5.61 0.001 
Superoxide dismutase, 
ngr/cm3 45.9-98.3 44.21±5.00 59.39±7.00 0.014 
Cyclic adenosine 
monophosphate, pmol/cm3 5.9-10.9 6.36±0.41 6.33±0.36 0.71 
Cyclic guanosine 
monophosphate, pmol/cm3 1.5-5.4 2.76±0.84 4.005±0.35 0.032 
Blood serum antioxidant 
activity, % 36.2-38.6 35.23±1.33 38.63±1.04 0.01 
 
Children in the focus group had lower levels of 
creatinine (49.31±2.19 mkmol/dm3) and alkaline 
phosphatase (234.29±25.33 mkmol/dm3) than 
those in the comparative group (56.06±3.36 
mkmol/dm3 and 310.33±31.07 mkmol/dm3 corre-
spondingly, d=0.0001-0.041). Having examined 

oxidant and antioxidant processes we found out 
that antioxidant protection in the focus group (glu-
tathione peroxidase 34.44±5.29 ng/cm3 and super-
oxide dismutase 44.21±5.00 ng/cm3) was authenti-
cally lower than in the comparative group (gluta-
thione peroxidase 43.78±5.61 ng/cm3 and 
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superoxide dismutase 59.39±7.00 ng/cm3, 
d=0.0001-0.0014) (table 3). Besides, blood serum 
antioxidant activity in the focus group amounted to 
35.23±1.33%, while in the comparative group this 
parameter was higher and reached 38.63±1.04% 
(d=0.01). Energy metabolism research showed au-
thentically lower level of cyclic guanosine mono-
phosphate in the focus group than in the compara-

tive group (2.76±0.84 pmol/cm3 against 4.05±0.35 
pmol/cm3, р=0.032) (table 3). Immunologic pa-
rameters research showed that all examined chil-
dren had T-and B-lymphocytes subpopulation con-
tent and G category immunoglobulins contents 
equal to physiological standard (d=0,10-0,90) (ta-
ble 4). 

Table 4 
Comparative analysis of immunologic parameters  

in children with different А, С, D, В6 and В12vitamin provision 
 

Parameter 
 

Physiolog
ical 
standard Focus group Comparative group 

Valid
ity of 

discrepancy 
between 
groups 

(d≤0,
05) 

Leucocutes, 109/dm3 5.0-9.0 7.43±0.38 6.47±0.23 0.02 
Lymphocytes, % 35-55 45.50±4.95 46.89±6.33 0.58 
CD16+56+lymphocytes, relative, % 5-27 6.21±2.06 10.67±2.80 0.023 
CD19+-lymphocytes, absolute, 109/дм3 0.09-0.66 0.25±0.14 0.62±0.25 0.01 
CD19+-lymhpocytes, relative, % 6-25 11.01±2.21 17.61±3.17 0.02 
CD3+-lymphocytes, absolute, 109/dm3 0.69-2.54 2.43±1.58 2.56±1.47 0.23 
CD3+-lymphocytes, relative, % 55-84 71.33±5.17 76.51±6.35 0.02 
CD3+CD25+lymphocytes, relative, % 5-12 3.00±0.13 4.43±0.48 0.04 
CD3+CD4+lymphocytes, absolute, 
109/dm3 0.41-1.59 0.98±0.15 1.63±0.02 0.04 
CD3+CD8+lymhpcytes, absolute, 109/dm3 0.19-1.14 1.14±0.31 1.01±0.49 0.42 
CD3+CD8+lymphocytes, relative, % 13-41 28.00±5.41 27.33±9.41 0.47 
CD3+CD95+lymphocytes, absolute, 
109/dm3 0.4-0.7 0.31±0.12 0.32±0.11 0.42 
CD3+CD95+lymphocytes, relative, % 15-25 9.01±1.11 8.67±2.87 0.52 
CD127+- lymphocytes, relative, %  1.28±0.35 2.72±0.73 0.001 
CD127+- lymphocytes, absolute, 109/dm3  0.05±0.01 0.11±0.03 0.01 

IgG, gr/dm3 9.13-
10.75 8.75±0.75 9.46±1.37 0.22 

IgM, gr/dm3 1.4-1.82 1.11±0.12 1.59±0.12 0.04 
IgА, gr/dm3 0.98-1.12 1.05±0.08 1.23±0.04 0.04 

IgE crude, МЕ/cm3 0-49.9 74.46±11.2
6 

22.79±13.3
4 0.001 

Absolute phagocytosis, 109/dm3 0.964-
2.988 2.13±1.01 1.44±0.32 0.03 

 
At the same time children in the focus 

group had higher level of leucocytes 
(7.23±0.38х109/dm3) than children in the compar-
ative group (6.47±0.63х109/dm3, р=0.002); abso-
lute phagocytosis in the focus group amounted to 
2.13±1.01х109/dm3 which was 1.5 times higher 
than the same parameter in the comparative group 
(р=0.0001). Still absolute content of CD3+CD4+- 
and CD19+ lymphocytes, as well as relative con-
tent of CD3+CD25+-, CD3+-, CD19+- 

CD16+CD56+ and CD3+CD25+ lymphocytes 
was authentically lower in the focus group than in 
the comparative group (d=0,0001-0,04), and it 
proves proliferative processes of immunocompe-
tent cells to be less active. We should note that B-
lymphocytic component of immune reaction was 
also less active in children with subclinical vita-
min provision and it is confirmed by lower con-
centrations of A and M category immunoglobu-
lins. However, E immunoglobulin level in the fo-
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cus group amounted to 74.46±11.26 МЕ/cm3 and 
it was 3.5 times higher than in the comparative 
group (22.79±13.34 МЕ/см3, d=0.0001), which is 
a sign of more active allergic response reaction 
(table 4). 
Hormonal profile research showed that hormones 
content corresponded to physiological standard in 
both groups (d=0.24-0.67). But as we carried out 
comparative analysis we found out that children 
in the focus group had authentically higher levels 

of adrenaline (49.41±11.13 pg/cm3), dopamine 
(41.91±5.16 pg/cm3), hydrcortisone 
(383.34±142.37 nmol/cm3), noradrenaline 
(327.30±16.38 pg/cm3)  and thyrotrophic hormone  
(3.37±0.26 mcМЕ/cm3) than children in the com-
parative group (33.10±6.15 pg/cm3, 23.76±6.65 
pg/cm3, 237.43±49.07 nmol/cm3, 284.31±26.35 
pg/cm3 and 2.38±0.65 mcМЕ/cm3 corresponding-
ly) (d=0.0006-0.01) (table 5).

Table 5 
Comparative analysis of hormonal profile 

in children with different А, С, D, В6 and В12vitamin provision 
 

 
Parameter 

 
Physiological 

standard Focus group Comparative 
group 

Validity of 
discrepancy 

between groups 
(р≤0.05) 

Adrenaline, pg/cm3 0-100 49.41±11.13 33.10±6.15 0.0006 
Dopamine, pg/cm3 0-100 41.91±5.16 23.76±6.65 0.001 
Hydrocortisone, 
nmol/cm3 140-600 383.34±142.37 237.43±49.07 0.0007 
Noradrenaline, 
pg/cm3 0-600 327.30±16.38 284.31±26.35 0.0012 
Serotonin, ngr/cm3 80-450 170.70±74.97 191.24±100.82 0.21 
Triiodothyronine, 
ngr/cm3 0.6-2.1 2.31±0.06 2.12±0.43 0.08 
Crude thyroxine 
(immune enzyme 
blood analysis), 
nmol/dm3 

83-170 93.15±6.38 117.62±9,55 

0.01 
Free thyroxine, 
nmol/dm3 10-25 15.02±2.43 13.45±1.12 0.1 
Thyrotropic 
hormone, 
mcМЕ/cm3 

0.3-4 3.37±0.26 2.38±0.65 
0.014 

Somatotropic 
hormone, 
mМЕ/dm3 
 

2-20 5.17±1.37 3.37±1.76 

0.12 

Conclusions. Research results showed that chil-
dren suffering from subclinical polyhypovitamino-
sis and being under combined (inhalant and per os) 
effect of phenol, formaldehyde, aromatic hydrocar-
bons and chlorine and organic compounds run 1.4-
6.9 times higher risk to have higher organic com-
pounds concentration in blood than children with 
vitamin provision equal to physiological standard. 
Even subclinical polyhypovitaminosis combined 
with higher organic compounds concentration in 
blood lead to 15-20% higher erythrogenesis ten-

sion, 1.2-1.4 lower proliferative activity of lympho-
monocitic germ and non-specific resistance param-
eters, protein and carbohydrate metabolism decel-
eration. Such children have lower level of enzymes 
(alkaline phosphatase and creatinine), antioxidant 
protection parameters and cyclic guanosine mono-
phosphate and it indirectly proves synthesis pro-
cesses deceleration, antioxidant protection reserves 
exhaustion and energy metabolism deficiency. We 
should pay special attention to negative trends in 
lipid metabolism (higher levels of crude cholesterol 
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and lower density lyposaccharides) combined with 
tenser hormonal regulation reactions. If such trends 
persist it can result in earlier evolvement of cardio-
vascular pathology at elder ages. 

The obtained results call for creation of spe-
cialized programs aimed at dietary intake vitamini-
zation for children living in poor sanitary and hy-
gienic conditions. 
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