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he implementation of projects of
the European Commission
«Health and Ecological Pro-
grammes around the Chornobyl
Exclusion Zone: Development,
Training and Coordination of
Health-Related Projects» and
that of the Regional Council of
Rhone-Alpes (France) enabled
to examine the state of health of
most children from districts bor-
dering the Chornobyl exclusion
zone. At the same time, hyper-
homocysteinemia was first
found in 73.2% of the examined
children aged 12-17 years old
from Ivankivskyi district and in
79.8% of the examined children

https://doi.org/10.32402/
dovkil2021.03.030

of the same age from Poliskyi
district [1].
Hyperhomocysteinemia  or
elevation above the physiologi-
cal level in a blood concentration
of a sulfur-containing amino
acid homocysteine signals that
there is an unfavourable state of
metabolism in a body. In adults,
it may be combined with a num-
ber of severe conditions leading
to disability and mortality [2-7].
Given the importance of this
issue for medical science and
practical health care, it is neces-
sary to investigate the causes of
this phenomenon. In particular,
genetic changes in the folate
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MeTtoro poboTu OyJ10 BU3Ha4E€HHSI B3aEMO3B 13-
Ky MiXK CTaHOM reHEeTU4YHOro anapary ¢oaarHoro
UKnKITY, 3MICTOM rOMOLUCTEIHY, FOPMOHIB LUNTO-
rnoaibHoi 3a/103u Ta ageHorinogisa y Kposu
AiTen i3 IBaHKIBCbKOro i lonicbkoro panioHis
KuiBcbkoi 061acTi, ki MEXYITb 3
YopHObMIbCbKOK 30HO0 BiadyXeHHs (Y3B).
MeTtogun. IMyHOXIMIYHUK, FEHETUYHUA,
CTaTUCTUYHU.

Pe3ynbtaTtun. Y 158 gitei i3 [lonicbkoro pavioHy
Ta 178 aitevi i3 IBaHKIBCbKOro BU3Ha4aBCcsl BMICT
y kpoBu romouucteiry (H,,), TMpeoTpornHoro
ropmoHy rinogiza (TTI), BiibHOro TpuioaTNPO-
HiHY (T3), BisIbHOro TMPokcuHy (T,), TAKOX OLiHIO-
BaBCSl CTaH reHeTU4YHoIi cucTtemm ¢poinaTtHoro
umkny (PL). CepenHivi Bik 06CTEXEHUX CKaB
(15,2 £0,9) pokiB (95% /[l 15,0-15,4 pokiB). 3
ypaxyBaHHsaM reHoTuriB dL| 6yno0 cpopmoBaHo
reHeTuyHi nigrpynv, 3acHoBaHi Ha 100% npes-
CTaBHULTBI OAHOIO KOHKPETHOIro reHotuny. Jla-
6opatopHe 06CTEXEHHS MPOBEAEHO ABIYi: Y KBIT-
Hi I rpyaHi 2015 poky (A0 i nicss noxex y 43B).
BcTtaHoBsieHO, WO y 3arasibHiv rpyni giten, a 1a-
KOX y OifIbLLIOCTI aHali30BaHUX reHeTUYHMX rif-

rpyn piseHb He,, i ropMOHIB LMTONOAIOHOI 3271031
(LLI3) y niteri i3 IBaHKIBCbKOro parvioHy 0yB
J0CTOBIPHO BULLMM, HXX Y AiTevi i3 [10/1iCbKOoro.
lMpy LbOMYy y 3arasibHivi rpyri, a Takox y 6isbLuo-
CTi reHeTUYHUX Miarpyn 4itev i3 IBaHKIBCbKOro
parioHy mMix He,, i TTI" BUSIBI€HO npsiMuni KopeJsisi-
LiViHWV 3B'930K, ikl OyB BiCYTHIM y AiTe i3
Monicbkoro pavioHy. PiseHb H, y kpoBu nitei
060X parioHiB OyB 4OCTOBIPHO BULLMM Yy Miarpyri,
LLJO MICTUTb TiJIbKW FOMO3UIrOTHI BapiaHTy anaesi T
reHeTuyHoro rnoaimopgiamy MTHFR:677 ropiBs-
HSIHO 3 nigrpynamu, Lo MIiCTATb HEATPasIbHI
anesi yboro X rnosimopgiamy. lpu LboMy Gy
BIACYTHI BIAMIHHOCTI 1jofo TTT, Tgi Ty.
BucHoBku. [lposeneHuri aHasi3 [03BOJINB BCTa-
HOBUTU CUHXPOHHY PeakLiito MeTabosliuHNX LINK-
J1iB, 1140 3a6e3neqyloTb 06MiH Hy, i ropmoHis LLI3
B opraHi3mi nignitkiB He3asiexHo Bif reHOTUiB
®L|. KopensuiviHnii aHani3, a TakoXx pe3ysbratu
CTartuCTUYHOI O aHaJsli3y cBigyarb rpo Te, LU0 r1ig-
BuLLIeHHSI piBHS H, y KpOBUY AiTel iHAYKyBaao
cuHTe3 TTT | T5. OTpyumaHi pe3ybTatv CBiA4aThb
rpo TiCHWI 3B’I30K MiXX rOPMOHOreHe3om LL3 i
OOMIHOM CipKOBMICHVIX aMiHOKNC/IOT METIOHIHY i
He,. Havi6inbLL iMOBIPHOKO MPUYMHOIO MiABULLEH-
Hs1 piBHS1 Hy, | BHACTIAOK LibOro rOPMOHIB rinogi-
3apPHO-TUPEOIAHOI BICI y KPOBU AITEV i3 PAViOHIB,
L0 MeXYIoTb 3 Y3B, € noxexi sicy, kv MiCTUTb
J1I0BrOICHYIOYI paaioakTuBHI €/IEMEHTU.

Knro4yoBi cnoBa: romouncreiH, ponarHni
UMKJI1, reHeTUYHi nigrpynv, ropMoHu
wmrono”ioHoi 3ano3u i rinogiza, nignitku,
pagioakTuBHO 3a6pyAHeHi TepuTopii.
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cycle [8, 9] and thyroid diseases
[10] are pointed out as causes of
hyperhomocysteinemia. In this
regard, it is important to identify
a relationship between the state
of folate cycle genetic apparatus
and blood levels of homocys-
teine, thyroid and pituitary hor-
mones in children living in dis-
tricts bordering the Chornobyl
exclusion zone. At the same
time, one should take into ac-
count the effect of an external
environmental factor associated
with the Chornobyl exclusion
zone on the body of children.

The purpose of the current
research was to identify inter-
relations between the state of
folate cycle genetic apparatus
and blood levels of homocys-
teine, thyroid and adenohy-
pophysis hormones in children
from Ivankivskyi and Poliskyi dis-
tricts, Kyiv region, bordering the
Chornobyl exclusion zone.

Material and methods. The
research was carried out in
Poliskyi and Ivankivskyi districts,
Kyiv region, whose territories are
contaminated with radionuclides
as a result of the accident at the
Chornobyl nuclear power plant
(a 137Cs soil contamination den-
sity is <2 Ci/sg.km [11]). The
age of the children at the time of
the examination was (15.2£0.9)
years old (95% CI 15.0-15.4
years old).

158 children from Poliskyi dis-
trict and 178 children from
Ivankivskyi district underwent
laboratory examination. At the
same time, we assessed blood
levels of homocysteine (H,),
pituitary thyroid stimulating hor-
mone (TSH), free triiodothyro-
nine (T3), free thyroxine (T,) and
the state of the genetic system
of the folate cycle (FC).

The examined children had
blood drawn from the ulnar vein
after fasting in the morning to
carry out the above studies. At
the time of blood draws, all of
them attended school. Blood
from the children of Poliskyi dis-
trict was drawn on 02.04.2015,
from children of Ivankivskyi dis-
trict on 18.12.2015.

The blood samples were
analysed at a laboratory certified
under quality standards with a
financial support of the Regional
Council of Rhone-Alpes (Fran-
ce) and were agreed with the
parents.
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TSH, T; and T, were determi-

ned using an electrochemilumi-
nescent immunoassay (ECLIA)
method. Analyser and test Kkit:
Cobas 6000, Roche Diagnostics
(Switzerland).

The blood H, concentration

was measured using a chemilu-
minescent immunoassay (CLIA)
method. Analyzer and test kit:
Architect 1000 (ABBOT Diagnos-
tics (USA)). The blood Hcy level
in children of more than 10
pmol/L was defined as hyperho-
mocysteinemia.

The following allelic variants
were identified during genetic
analysis of folate cycle: C677T
and A1298C of the MTHFR gene
(synthesis of the methylenete-
trahydrofolate reductase enzyme),
A2756G of the MTR gene (syn-
thesis of the B;,-dependent

methionine synthase enzyme)
and A66G of the MTRR gene
(synthesis of the methionine
synthase reductase enzyme). A
real-time PCR method was
used. Analyser and test kit: DT-
96 detecting thermocycler,
DNA-Technology (Russia).

Taking into account the folate
cycle genotypes, genetic sub-
groups were formed based on
100% representation of one
specific genotype (table 1).

The statistical processing of
the findings was performed
using the IBM SPSS Statistics
22 software (USA). The arith-
metic mean (M), standard error
of mean (m), confidence interval
for the mean value (95% ClI),
median (Me), interquartile range

(IQR), minimum and maximum
parameter values and per-
centiles were calculated for the
variables analysed.

The distribution hypothesis
was tested (a Kolmogorov-
Smirnov test). All the studied
parameters did not conform to
the normal distribution law, thus,
a non-parametric Mann-Whitney
U test was used to compare val-
ues. The statistical significance
of variables was assessed by
determining a significance level
for p with the help of the statisti-
cal software programme. The
Student’s t-test was used to
compare relative values. The
critical level of significance for
the null hypothesis (p) was set at
0.05. Associations between H,,,
TSH, T3 and T, values were iden-
tified with the help of the
Spearman’s rank correlation
coefficient (rxy). The strength of
an association was assessed
according to a typical scale:
weak — 0 to 0.299; moderate -
0.3 10 0.699; strong — 0.7 to 1.0.

Results and their discus-
sion. The level of H, and thyroid
hormones (T3 and T,) was statis-
tically significantly higher in chil-
dren from lvankivskyi district
than in those from Poliskyi dis-
trict in a total group of children
(tables 2-4).

The H., level was statistically
significantly higher in the blood
of children from Ivankivskyi dis-
trict comprising genetic sub-
groups 1, 2, 4, 5,7, 8, 11, 12
than in that of children from
Poliskyi district from similar sub-
groups (tables 2-4).

Table 1

Subgroups of children with a specific folate cycle genotype

Number of children in subgroups
Subgroup Genotype L . s
Poliskyi district | Ivankivskyi district
1 A/A MTR:2756 104 106
2 A/G MTR:2756 45 61
3 G/G MTR:2756 9 11
4 A/A MTHFR:1298 82 89
5 A/CMTHFR:1298 60 80
6 C/C MTHFR:1298 16 9
7 C/C MTHFR:677 79 80
8 C/T MTHFR:677 60 83
9 T/T MTHFR:677 19 15
10 A/AMTRR:66 32 27
11 A/G MTRR:66 72 93
12 G/G MTRR:66 54 58
Total group 158 178
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The level of thyroid hormones
was higher in genetic subgroups
1,5,7,8, 11, 12 of children from
Ivankivskyi district than in similar
subgroups of children from
Poliskyi district. At the same time,
this related to two hormones
simultaneously (T3 and T,) in the
subgroups 1, 5, 11, 12, and con-
cerned only T in the subgroup 7
and only T, in the subgroup 8.

Thus, a higher level of H,, and
thyroid hormones was simulta-
neously recorded in children
from Ivankivskyi district com-
pared to those from Poliskyi dis-
trict in most of the analysed sub-
groups.

There were no differences
between values of T; and T, with

—®-

the existing differences in the
blood concentration of H,, in the
subgroups 2 and 4 of children
from Ivankivskyi and Poliskyi dis-
tricts (tables 2-4).

There were no differences
both in relation to H,, and both
thyroid hormones between chil-
dren from the above districts in
the subgroups 3, 6, 9 and 10
(tables 2-4).

The TSH blood level did not
differ statistically in the children
from Poliskyi and Ivankivskyi dis-
tricts in all subgroups except a
subgroup 12 with the main G/G
MTRR:66 genotype.

The H,, blood level was statis-
tically significantly higher in the
subgroup 9 containing only

Table 2

Statistical characteristics of values of H,, TSH, T; and T,
in genetic subgroups of children from Poliskyi district

Sub- Hey, Mmol/L TSH, mlU/mL T3, pg/mi T4, ng/dl

grour| Me IQR Me IQR Me IQR | Me| IQR
1 [10.26]8,39-13.56 | 1.82(1.39-2.43]4.04[3.79-4.59[ 1.19[1.09-1.29
2 9.37]7.75-10.95[1.94[1.51-2.65] 4.24]3.84-4.681.15[1.06-1.25
3 [11.13[10.17-12.32[2.10[1.19-2.41[4.37[3.53-5.63|1.04]0.98-1.32
4 [10.14]7.99-13.04 [ 1.89[1.29-2.554.113.79-4.69|1.181.06-1.28
5 [10.19)9.01-13.19[1.82[1.47-2.37]4.02[3.71-4.57|1.17|1.08-1.28
6 [10.31/8.00 -12.69[1.93[1.62-3.22[4.18]3.92-4.64|1.20[1.10-1.35
7 |9.447.93-11.16 [ 1.80[1.34-2.39] 4.09 [3.82-4.55[1.201.09-1.29
8 [10.24]8.42-13.18 [1.82[1.42-2.55/4.02[3.75-4.681.15[1.04-1.25
9 [14.47[10.15-22.78[2.26 [1.50-3.14] 4.38]3.68-5.021.23[1.05-1.29
10 [9.26 [8.03-13.13 [ 1.92[1.67-2.36/4.20[3.85-4.69[1.21[1.12-1.34
11 [10.08[7.98-11.99 | 1.601.26-2.40|4.07 [3.68-4.66[1.17[1.04-1.28
12 [10.81]9.13-14.18 | 2.27(1.43-2.82/ 4.08 [3.84-4.53[1.17[1.09-1.28

oot 110.17|8.30 ~13.10| 1.86 |1.41-2.48| 4.10|3.79-4.62| 1.18[1.07-1.28

Table 3

Statistical characteristics of values of H,, TSH, T; and T,
in genetic subgroups of children from Ivankivskyi district

Sub- Hgy, umol/L TSH, miU/mL | Tg, pg/mli T4, ng/dl

group| Me IQR Me IQR Me IQR Me IQR
1 [11.93[9.73-13.76 |1.86(1.33-2.57|4.37|3.99-4.74[1.26[1.14-1.32
2 [11.57[10.23-13.33[1.72[1.30-2.22(4.41[4.00-4.81| 1.21]1.09-1.30
3 | 9.46 | 8.49-11.58 [1.79]1.20-1.93|4.593.96-4.65| 1.23[ 1.13-1.33
4 [11.53] 9.64-14.22 [1.85[1.29-2.43]4.35(3.88-4.75/1.22[1.12-1.31
5 |11.91[10.42-13.30[1.77[1.31-2.36(4.43]4.06-4.79[ 1.25[1.17-1.32
6 |9.09[7.91-12.56 |1.93[1.45-2.73|4.38]4.05-4.91[1.13[1.00-1.19
7 |11.36] 9.38-12.97 [1.76[1.30-2.29|4.44]4.08-4.81] 1.24[ 1.12-1.31
8 |11.61|9.86-13.31|1.83[1.30-2.22(4.33(3.99-4.66| 1.23[1.14-1.30
9 [16.59]12.10-26.71/2.47(1.43-3.13|4.12|3.84-4.88[ 1.20[ 1.14-1.29
10 [10.86] 9.19-13.23 [1.79[1.39-2.77|4.41(3.96-4.60| 1.25|1.14-1.33
11 [11.58] 9.46-13.22 [1.79]1.31-2.57|4.42|4.01-4.81|1.22[1.12-1.30
12 [12.13[10.74-14.49|1.83[1.27-2.24]4.33(3.99-4.77[1.271.15-1.31

aaat11.62(9.69 -13.39 | 1.80| 1.30-2.42|4.403.99-4.75| 1.23|1.14-1.31

homozygous variants of the
MTHFR:677 genetic polymor-
phism T allele compared to sub-
groups containing neutral C alle-
les of the same polymorphism —
subgroups 7 and 8 both in the
children from Poliskyi district
and those from Ivankivskyi dis-
trict (table 5). At the same time,
there were no differences in
relation to TSH, Ty and T,.

A direct association was found
between Hcy and TSH in a total
group as well as in most genetic
subgroups from Ivankivskyi dis-
trict (table 6). A direct associa-
tion was also recorded between
Hqy and T3, butin a smaller num-
ber of subgroups.

The H.,-TSH and H,,-T; asso-
ciations were identified simulta-
neously in the subgroup 4 (table
6). There was no association
between H., and T, in the total
group and in separate genetic
subgroups.

There was no direct association
between H,, 1 TSH in the total
group of children and all analysed
subgroups of children from
Poliskyi district. A direct associa-
tion was observed between H,
and T5 in the subgroups 1 and 12
(table 7). Ne association was
found between H,, and T,.

The MTHFR:677 genetic poly-
morphism T allele was almost
uniformly present in all sub-
groups of children from Poliskyi
and Ivankivskyi districts formed
on the basis of the MTR:A2756G,
MTHFR:A1298C (A/A, A/C geno-
types), MTRR:A66G genetic
polymorphisms (table 8).

In this regard, the role of the
above allele can not be considered
as the main reason for a higher
blood level of H, in children from
Ivankivskyi district compared to
those from Poliskyi district.

The findings show synergism in
values of Hg, T3 and T, in the
blood of children from the groups
of adolescents under study from
the districts bordering the
Chornobyl exclusion zone.

Higher levels of Hcy were
found in most genetic sub-
groups of children from
Ivankivskyi district compared to
those from Poliskyi district. At
the same time, more higher lev-
els of thyroid hormones were
recorded in 75.0% of cases.

Ne genetic subgroups were
found in which there were differ-
ences between hormone levels
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Objective: The aim of the study was to identify
interrelations between the state of folate cycle
genetic apparatus and blood levels of homocys-
teine, thyroid and adenohypophysis hormones
in the blood among the children from Ivankivskyi
and Poliskyi districts, Kyiv region, bordering the
Chornobyl exclusion zone (ChEZ).

Methods: Immunochemical, genetic, statistical
ones.

Results: We measured blood levels of homo-
cysteine (H,,), pituitary thyroid-stimulating hor-
mone (TSH), free triiodothyronine (T;), free thy-
roxine (T,) in 158 children from Poliskyi district

and 178 children from Ivankivskyi district and
assessed the state of a genetic system of the
folate cycle (FC). The average age of the exam-
inedwas (15.2 = 0.9) years old (95% CI 15.0-
15.4 years old). Taking into account the FC
genotypes, genetic subgroups were formed,
they were based on 100% representation of one
specific genotype. The laboratory examination
was carried out twice: in April and December
2015 (before and after the fires in the ChEZ). It
was found out that in the total group of the chil-
dren, as well as in most of analyzed genetic
subgroups, the level of H,, and thyroid hor-

—®-

mones (TG) in the children from Ivankivskyi dis-
trict was statistically significantly higher than in
those from Poliskyi district. At the same time, a
direct association between Hcy and TSH was
observed in the total group, as well as in most of
the genetic subgroups of children from
Ivankivskyi district, and this ssociation was
absent in the children from Poliskyi district. The
blood level of H,, both in the children from
Poliskyi district and in the children from
Ivankivskyi district was statistically significantly
higher in the subgroup containing only homozy-
gous variants of the T allele of the MTHFR:677
genetic polymorphism in comparison with the
subgroups containing neutral C alleles of the
same polymorphism. At the same time, there
were no differences for TSH, Tgand T,.
Conclusions: The analysis enabled to establish
a synchronous reaction of metabolic cycles
ensuring the metabolism of H,, and thyroid hor-
mones in the adolescents, regardless of the FC
genotypes. Correlation analysis, as well as the
results of statistical analysis, indicate that an
increase in the level of H,, in the blood of chil-
dren induced the synthesis of TSH and T;. The

results show a close relationship between thyroid
hormone genesis and the metabolism of methio-
nine sulfur-containing amino acids and H,. A fo-
rest fire, containing long-lived radioactive ele-
ments, is the most likely reason for the increase
of H,, level and, as a result, the hormones of the
pituitary-thyroid axis in the blood of the children
living in the districts, bordering the ChEZ.
Keywords: homocysteine, folate cycle,
thyroid and pituitary hormones,
adolescents, radiation contaminated areas.

and there were no differ- Table 4
ences between H, levels. Results of statistical differences in variables

The high blood level of H in of children from Poliskyi and Ivankivskyi districts
children from lvankovsky dis-
trict allowed to confirm syn- Hey, umol/L TSH, miU/mL T3, pg/ml T4, ng/di
Chronlzqtlon of reactions of | Sub- Mann- |Signifi-| Mann- |[Signifi-| Mann- |[Signifi-| Mann- [Signifi-
metabolism of Hg, and thy- |group| whitney | cance | Whitney | cance | Whitney | cance | Whitney | cance
roid and pituitary hormones Utest |level,p| Utest |[level,p| Utest |level, p| Utest [level, p
using a correlation analysis.

An increase in the Hcy 1 [4384.000| 0.010 | 5444.500| 0.878 |4215.500( 0.003 |4447.500| 0.016
level was found to induce 2 721.500 |0.0001| 1151.000 | 0.157 |1122.500{ 0.110 |1101.500| 0.083
the synthesis of TSHand Ty ™3™ 35 100 [ 0.271 | 39.000 | 0.425 | 44.000 | 0.676 | 38.000 | 0.382
in the body of children living
under conditions of radia- 4 12659.500| 0.002 | 3558.500 | 0.780 [3163.500( 0.133 |3038.000| 0.059
tion exposure associated [ 5 (41769 500( 0.008 |2215.000 | 0.436 |1659.500| 0.002 [1709.000| 0.004
with the Chornobyl nuclear
power plant accident. 6 68.000 | 0.821 64.000 | 0.651 | 58.000 | 0.428 | 48.500 | 0.183

The absence of significant 215058 500[0.0001 | 3013.500 | 0.614 |2183.500| 0.001 |2857.500| 0.297
statistical differences in the
levels of Hcy, TSH, Tzand T, 8 |[1917.000| 0.019 | 2357.500 | 0.588 |2012.500| 0.051 {1651.000| 0.001
was recorded in the sub- | g | 134.000 | 0.768 | 141.500 | 0.972 | 137.000 | 0.849 | 137.000 | 0.849
group 9 where there are
homozygous variants of the 10 314.500 | 0.074 | 396.000 | 0.584 | 431.000 | 0.988 | 396.000 | 0.584
MTHFR:677 genetic poly- [ 11 [2405.500| 0.002 | 3042.500 | 0.315 [2486.500| 0.005 |2661.500| 0.024
morphism T risk allele which
results in high blood Hcy 12 [1201.500| 0.034 | 1206.500 | 0.036 [1176.000| 0.023 |1199.000| 0.033
levels regardless of environ- [ Tgtal
mental exposure. group | 10450.500/0.0001 | 13319.000 | 0.403 |11115.000| 0.001 |11461.500| 0.003
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The results obtained make it
possible to state about external
environmental effects on the
body of children living near the
Chornobyl exclusion zone dur-
ing the period between two
blood draws.

The most probable environmen-
tal factor causing significant meta-
bolic diseases in the body of most
children living in settlements locat-

—®-

ed near the Chornobyl exclusion
zone should be considered fires of
forests, which have accumulated a
huge amount of long-lived
radioactive elements over the 30
post-Chornobyl years [12, 13].

A fire of forest and meadow
vegetation occurred on an area
of 10127 ha in the Chornobyl
exclusion zone on April 26-29,
2015. Therefore the maximum

Table 5

Statistically significant differences when comparing blood
Hcy values in children of subgroups Ne 91 and Ne 72, Ne 91 and
Ne 82 from Poliskyi and lvankivskyi districts

Poliskyi district Ivankivskyi district
: Subgroups | Subgroups | Subgroups |Subgroups
Variables 9and7 | 9and8 | 9and7 | 9and8
n Hcy n Hcy n Hcy n Hcy
Average rank! 19 |71.11| 19 | 52.63 | 15| 68.27 | 15| 66.77
Average rank? 79 |44.30| 60 | 36.00 | 80 | 44.20 (83| 46.38
Mann-Whitney U test 340.00 330.00 296.00 363.50
Asymptotic significance
(2-tailed), p 0.0001 0.006 0.002 0.011
Table 6

Results of correlation analysis between values of H.,
and T3, H., and TSH in genetic subgroups of children
of Ilvankivskyi districts

) Parameters Parameters
umol/L | pg/ml | umol/L | mIU/mL
Spearman’s 0.129 0.278*
2 |A/GMTR:2756 p 0.321 0.030
N 61 61
Spearman’s 0.299** 0.288*~
4 | MTHEE 208 b 0.004 0.006
N 89 89
Spearman’s 0.617 0.733*
6 | Mok 1008 P 0.077 0.025
N 9 9
Spearman’s 0.256* 0.023
7| wreteerT P 0.022 0.838
N 80 80
Spearman’s 0.075 0.278*
8 | MTHEA677 P 0.498 0.011
N 83 83
Spearman’s 0.502** 0.108
10 A/A MTRR:66 p 0.008 0.592
N 27 27
Spearman’s 0.053 0.303**
11 A/G MTRR:66 p 0.612 0.003
N 93 93
Spearman’s 0.157~ 0.206**
Total group p 0.037 0.006
N 178 178

Note: * — correlation is significant at the <0.05 level (2-tailed).
** — correlation is significant at the <0.01 level (2-tailed).

density of territory contamina-
tion in low-fire areas in some
quarters of the Lubianskyi
forestry was 1040 kBqg/sq.m -
137Cs; 368 kBg/sq.m — 90Sr;
11.4 kBg/sg.m — 238-240Py and
14.4 kBq/sq.m — 241Am [14].

Experimental research has
established a negative effect of
137Cs and 90Sr radionuclides
contained in oats consumed by
laboratory animals on the
metabolism of methionine, and
thus its daughter product,
homocysteine [15].

The burning of trees is also
accompanied by the release into
the environment of fine particles
0.1-2.5 um in size (PM2.5),
including black carbon, capable
of penetrating the respiratory
tract, reaching the bronchioles
and alveoli [16], causing meta-
bolic disturbances in the cardio-
vascular system [17]. A positive
association is known between
black, as well as organic carbon
and blood levels of H, in older
men. At the same time, no asso-
ciations were recorded between
the level of H., and PM2.5 [18].

The data obtained show a syn-
chronous increase in the levels
of Hg, and thyroid hormones in
the body of children of most
genetic subgroups after forest
fires in the Chornobyl exclusion
zone in 2015.

Conclusions

Laboratory examination of
children from districts bordering
the Chornobyl exclusion zone in
April and December 2015
enabled to establish a synchro-
nous reaction of metabolic
cycles supporting the metabo-
lism of H, and thyroid hormones
in a developing body, irrespec-
tive of folate cycle genotypes.

The conducted correlation
analysis, as well as the results of
statistical analysis, show that an
increase in the level of Hy in the
blood of children induced the
synthesis of TSH and Ts.

The absence of differences in
levels of Hg, TSH, T3 and T,
between similar subgroups of
children from Ivankivskyi and
Poliskyi districts that include
100% carriership of the T/T
MTHFR:677 genotype is associ-
ated with the T risk allele causing
high blood levels of H,, regard-
less of environmental exposure.

The results obtained show a
close relationship between thy-
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FEHETUKA ®OJIATHOIO UMKJIA, YPOBEHb
FTOMOLUNCTENHA, TOPMOHOB LLINTOBUHOU
XKEJIE3bI 1 TMTOPU3A B KPOBU

HAETEV U3 PAVNOHOB, TPAHUYALLINIX

C YEPHOBBIJIbCKOW SOHOUW OTHY>KAOEHUSA
1bangaxxesckuii 0.U., 2[ly6oBas H.®.
1KoopanHaLMOHHbIV aHAINTUHECKUM LIEHTD
«3KoJ10rns v 30Pp0BbE», I. VIBaHKOB, YkpavHa
2HalmoHaIbHbIV YHUBEPCUTET OXPaHbl 310P0BbS
YkpaunHbl um. 1.J1. LLlynuka, r. Knes, YkpavHa

Llenb pa6oTbI: onpenesieHne B3anMoCBa3u
MeXay COCTOSIHNEM reHeTUYeCcKoro annapara
¢donarHoro ymkaa, cogepxaHmem roMmoLncTen-
Ha, rOPMOHOB LLNTOBULHOM Xee3bl N aEeHOr-
nogusa B KpoBu AeTen n3 VIBaHKOBCKOro v
lMonecckoro parvioHoB Knesckowi obnactu, rpa-
HuyYaLmx ¢ Y4epHoObIIbCKOV 30HOM OTYYXXAEHMS
(430).

MeTtoabl uccnegoBaHusi. VIMMYHOXVIMNYECKUNIA,
reHeTn4eCcKkum, CTatUCTU4ECKUIA.

Pe3synbrarsl. Y 158 netevi s lNonecckoro pavi-
oHa v 178 getevi n3 ViBaHKOBCKOIro onpeaesis-
J10Cb copepxaHne B KpoBu romoumctenHa (Hgy),
TUPEOTPONHOro ropmoHa runogusa (TTI), ceo-
6oaHoro TpurioATUPOHUHA (T;), cBOBOAHOIO
TUpokcuHa (T,), Takxke OLeHNBasIoCk COCTOSIHUE
reHeTn4yeckovi cuctemsl ponarHoro umkna (PL).
CpenHwuii Bo3pacT 06¢/1e0BaHHbIX COCTaBuIl
(15,2+0,9) net (95% AN 15,0-15,4 ner). C yye-
TOM reHoTnnoB ®L| 6b1/im cchopmmpoBaHbl reHe-
TMYeckue Noarpynrsl, OCHoBaHHbIe Ha 100%
npeacTaBUTEILCTBE O4HOrO KOHKPETHOIrO reHo-
Tuna. JlaboparopHoe obcrenoBaHue rpoBeaeHo
ABaxabl: B anpese v aekabpe 2015 roaa (8o v
rnocse noxapos B 430). YcTraHoBieHO, 4TO B
obLuevi rpynne aeten, a Takke 60JbLLINHCTBE
aHaIn3npyeMbiX reHeTUHECKUX noarpynn ypo-
BeHb H,, Y FOPMOHOB LLNTOBUAHOM Xese3bl

—®-

(LLK) y neteri n3 VieaHkoBCKOro parvioHa bl
J0CTOBEPHO BhiLLIE, YeM y aeTen n3 [losecckoro
pavioHa. Npy aTOM B 00LLEeV rpyrne, a Takxke B
OO0/IbLUNHCTBE reHETUYECKUX NoArpyrn AeTel n3
ViBaHkoBckoro parioHa mexay H., v TTI" BoisiBie-
Ha rpsiMasi KOppessauNOHHasl CBsI3b, OTCYTCTBYIO-
a8 y getevi u3 lNosiecckoro pavioHa. YpoBeHb
Hy, B KpoBu y fieteri n3 atux parioHoB Obi
J0CTOBEPHO BbiLLIE B NOArPYynmne, CoaepXaliev
TOJIbKO FOMO3UIrOTHbIE BapuaHTbl annenn T reHe-
Tnyeckoro rnoammoppuama MTHFR:677, ro
CPaBHEHWIO C MOArPynnamMu, CoOAePXaLLMmMm
HeTpasbHble annem C 3Toro Xe rnoammopomns-
ma. lNpy 9TOM OTCYTCTBOBA/IM PA3/INYUS B OTHO-
weHmn TTT, Tan T,

BbiBoAbI. [1pOBEAEHHbIV aHAIN3 103BOJINII
YCTaHOBUTb CUHXPOHHYIO peakLmo MeTabosm-
4eCKMX LMKII0B, obecriedmBaroLmx oomeH Hey, n
ropMoHoB LK B opraHname rnoapocTkoB, He3a-
BucuMO OT reHoTunos dL|. KoppensuymoHHbIV
aHanuna, a Takxe pesysbTarbl CTaTUCTUYECKOIro
aHasnn3a CBuAeTesIbCTBYIOT O TOM, YTO r0BbILLle-
Hue ypoBHsi H., B KpOBU feTer nHayLmpoBalo
cuHTe3d TTI n T;. [ony4yeHHble pesysibTarsl
roBOPSIT O TECHOU CBSI3U MEXAY rOPMOHOreHe-
3o0M LUK n o6BMeHOM cepocoaepxaLumx aMmuHO-
KUCJIOT METUOHUHA 1 romoumncTenHa. Hanbonee
BEPOSITHON MPU4MHON MOBbILLEHUS YPOBHS Hy, 1
BCJ/1I€ACTBME 3TOr0 rOPMOHOB rmrnogun3apHo-
TUPEOUAHOV OCY B KPOBU AETEM, MPOXnBaro-
LumMX B parvioHax, rpaHunyaiumx ¢ 430, ctanm
roxapsi jeca, CoaepXXallero JOroXvByLUne
pPaanoakTUBHbLIE SJIEMEHTHI.

KniodyeBble cnioBa: romouncTenH, ponaTHbin
LMKJ1, FTOPMOHbI LLINTOBULHOM )Xese3bl

v runogumnsa, noapoCTKu, pagnoakTUBHO
3arpsi3HeHHbIe TePPUTOPUMN.

roid gland hormonogenesis and
metabolism of sulfur-containing
amino acids — methionine and
Hey-
Fires of forests that contain
long-lived radioactive elements
are the most likely reason for an
increase in the H,, level and as a
result pituitary-thyroid axis hor-
mones in the blood of children
living in districts bordering the
Chornobyl exclusion zone.
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Results of correlation analysis between values of H.,
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of Poliskyi districts

Correlation Parameters Parameters
Subgroup| Genotype | Cootficient | Heys T3, Hoy TSH,
umol/L | pg/ml | umol/L | mIU/mL
Spearman’s 0.204* 0.010
A/A
1 MTR:2756 p 0.038 0.917
N 104 104
Spearman’s 0.424** 0.195
12 G/G 0.001 0.158
MTRR:66 P : :
N 54 54
Spearman’s 0.130 -0.002
Total group p 0.102 0.984
N 158 158

Note: * — correlation is significant at the <0.05 level (2-tailed).
** — correlation is significant at the <0.01 level (2-tailed).

Table 8

Proportion of cases of carriership of MTHFR:C677T
polymorphism T allele in genetic subgroups of children
from Ivankivskyi and Poliskyi districts

Number of cases of carriership of MTHFR:C677T
Sub- polymorphism T allele in subgroups of children
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Abs. % Abs. %
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Total group 98 55.06 79 50.00
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