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RELATIONSHIP OF THE FUNCTIONAL CONDITION
OF THE THYROID GLAND WITH THE PROCESSES
OF FREE RADICAL OXIDATION AND ANTIOXIDANT
PROTECTION OF ADOLESCENT BOYS WITH
HYPOANDROGENISM
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It has been established that in adolescent boys with hypoandrogenism (HA), a significant role in the mechanisms of
stress response development belongs to the thyroid gland. In turn, disturbances in redox processes exacerbate the severity of
hypothyroidism and form a state of oxidative stress, the main initiator of which is low activity glutathione peroxidase - the main

enzyme of antioxidant defense.
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B3AMMOCBSA3b ®YHKLUOHAJIbHO-
ro COCTOSHUA LUUTOBUAHOM XE-
JIE3bI C MPOLECCAMU CBOBOA-
HOPAOWUKAJIbBHOIO OKUCJIEHUSA
N AHTUOKCUOAHTHOMN 3ALLUTDI
Y MAJIbYUKOB-NMOAPOCTKOB C
rMNOAHAPOrEHMEN

CyxosaJl.J1., Kawkanga 4. A.

Yemarosaeno, umo y mansuukos-noopocmkos ¢ 2unoau-
dpoeenueil (I'A) 3HauuMeabHAsL Poab 8 MeXaHU3MAax pas3eumus
cmpecc-peakyuu npuHadaeicum wumoguoHou stcenese (IPK) B
c6010 ouepedsb, HAPYWIEHUS OKUCAUMEALHO-80CCTNAHOBUMENLHBIX
npouyeccos ycysybasrom maiceCms 2unomupeos3a, Hopmupyom
COCMOsHUe OKCUOQMUBHO20 CMpeccd, OCHOBHbIM UHUYUATMOPOM
KOMOPO20 A612eMCest HUSKAR AKIMUBHOCTb OCHOBHO20 (HepMeH-
ma aHMuUOKCUOQHMHOU 3aQWUMbL — 2AYMAMUOHNEPOKCUOA3bL.
Jucynryus IIPK y nayuenmos ¢ I'A npugodum x ducbarawncy
KA0UeBbIX AHMUOKCUOaHMHbIX epmenmos. Baaumocessy mupe-
0UOHO020 NPOPUASA U OKUCAUMENBHO-B0CCMAHOBUMEABHBIX CO8U208
noomeepatcdaemcst 0aHHbIMU KOPPeASYUOHHO20 AHAAU3A.

Kmuoueevte caoea: nybepmam, okcudamueHblil cmpecc,
mupeoudHas ouchyHKyus, aHOPo2eHHAas HedOCMAMOYHOCD

OBJECTIVE

Taking into account, on the one hand, the close re-
lationship of the morphofunctional state of the thyroid
gland (ThG) with the development of the reproductive
system of adolescents (Kumar et al., 2014; Maureen et
al., 2015), and on the other, the regulatory mechanisms
of the relationship of these systems with the processes
of free radical oxidation (FRO) and antioxidant protec-

B3AEMO3B’A30K ®dYHKLIOHAJIbBHOIO
CTAHY LLUTONOAIBHOI 3AJTIO3U 3
NMPOLUECAMMU BIJZIbHOPAAUKAJIBHOIO
OKUCJIEHHA TA AHTUOKCUAAHTHOIO
SAXUCTY Y Xnonuie-nianiTkie 13
FINOAHAPOTEHIEIO

CyxosalJl.J1., Kawkanga [, A.

Bcemaroesnero, wo y xaonyie-nidaimxis i3 2inoaHopoeeHiero
(I'A) 3sHauHa poab Yy Mexauiamax po3eUMKY Ccmpec-peaxyii
Hanexcums wumonodibuitl 3anosi (II13). Y ceoto uepey, posaadu
OKUCA08ANbHO-BIOHOBHUX — NPOYECI8  NOCUAN0IOMb  MANHCKICMD
einomupeosy, PopmMyroms CMaH OKCUOAMUBHO20 CMPeCy, OCHOBHUM
THIYIAMOPOM K020 € HU3bKA aKIMUBHICMb OCHOBHO20 (epmeHmy
AHMUOKCUOAHMHO20 ~ 3aXUCY -  2AYMAamioHnepoxcuoasu.
Jucgpynryia I3 y nayienmis 3 I'A npuzgodums do ducbaramcy
KAI0Y0BUX — QHIMUOKCUOAHMHUX — epmenmis.  Baaemose’asok
mupeoioHo20 npodino 1 OKUCAIOBANBLHO-8IOHOBHUX NOPYWEHD
niomeepoXcyemves OaHUMU KOPeAYTIHO20 aHANT3Y.

Kmouoei caosa: nybepmam, oxcudamugHuil cmpec,
mupeoioHa ducyHKYi, aHOpo2eHHAa HedOCMAaMmHICMb

tion (AOP) (Zagarskikh, 2011; Remenyakina et al., 2014;
Adekola1 et al., 2016), it seemed appropriate to identify
the relationship of the functional state of the ThG with
the indicators of FRO and AOP of adolescent boys with
hypoandrogenism (HA).

MATERIALS AND METHODS
36 boys aged 13-18 years old with HA were exam-
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ined, in the blood serum of which the concentrations of
testosterone (T), thyroid-stimulating hormone (TSH),
free thyroxine (fT4) (Best Diagnostic kits, Ukraine),
TBA-active products (TBA), carbonylated proteins (CP),
the activity of catalase (Cat) and superoxide dismutase
(SOD) were determined; in whole blood, the content of
reduced glutathione (RG) and the activity of glutathione
peroxidase (GPO) were investigated.

For the objective diagnosis of thyroid function, the
TSH / fT4 ratio was calculated. As an integral indica-
tor for the characterization of disorders in the FRO-AOP
system, we introduced the coefficient of oxidative stress
(COS), which is the ratio of the prooxidant to the antiox-
idant link: COS = (TBA + CP) / (SOD + GPO).

Depending on the condition of the thyroid gland
(Turchina, 2017), patients with HA are divided into the
following groups: euthyroidism, n = 17; minimal thyroid
insufficiency (MTI), n = 11; subclinical hypothyroidism
(SH), n = 8. The control group consisted of 84 boys of the
same age with normal sexual and physical development

without thyroid pathology.

Statistical processing of the research results was car-
ried out using the «Statgraphics Plus 5.0» software pack-
age. To assess the validity, the Mann—Whitney (u) test
was used. Correlation analysis was performed using the
Pearson correlation coefficient (r). Data are presented as
median (Me), lower (25 %) and upper (75 %) quartiles.

RESULTS AND DISCUSSION

As a result of studies in adolescents with HA, the de-
pendence of changes in AOP components on the state of
the ThG was established (table).

As can be seen from the data presented in the table, a
significant increase (by 18.6%) in the activity of SOD was
recorded in boys with SH compared with patients with
an euthyroid condition. It is known that SOD belongs to
the enzymes of the initial stage of FRO, deactivates the
superoxide radical, turning it into less reactive hydrogen
peroxide (Pushkina et al., 2016)..

Table

Changes in indicators of free radical oxidation and antioxidant protection depending on the func-
tional state of the thyroid gland of adolescent boys with hypoandrogenism

Groups Control Euthyroidism MTI SH

Indicators bE e e pE
25 % -75 % 25 % -75 % 25 % -75 % 25 % -75 %

TBA, 4,20 4,38 4,12 4,30
umol/1 3,80 - 5,00 3,1-6,0 3,93 - 4,80 3,56 - 5,01
CP, 0,82 0,85 0,83 0,82
U/ml 0,63 - 1,12 0,58 - 1,23 0,44 - 1,30 0,65 - 1,15
SOD, 1,39 1,40 1,40 1,66*
U/min-ml 1,29 - 1,62 1,20 - 1,60 1,02 - 1,70 1,6 - 1,81
Cat, 21,80 18,60 17,00 17,70
pumol/min-ml 17,70 - 24,0 14,20 - 24,00 12,11 - 24,00 4,20 - 44,30
GPO, 11,01 7,607 7,30" 6,40"
pmol/min-ml 8,00 - 13,00 4,40 - 9,00 5,40 - 8,60 50,45 - 7,60
RG, 0,20 0,39 0,31% 0,72*% A
umol/1 0,13 - 0,26 0,21 - 0,68 0,17 - 0,39 0,23 - 1,00
COos, 0,44 0,55 0,53 0,72**,%
conv. un. 0,32 - 0,57 0,36 - 1,07 0,38 - 0,65 0,61 - 0,80

Notes: * significance of differences in comparison with control indicators (p < 0.05); * the significance of
differences in comparison with indicators of individuals with euthyroidism (p < 0.05); ** significance of
differences in comparison with indicators of individuals with MTI (p < 0.05).

The formation of hydrogen peroxide in the thyroid
gland is an integral part of the activation of iodine nec-
essary for the synthesis of thyroid hormones (Ametov et
al., 2007). But, on the other hand, the excessive accumu-
lation of hydrogen peroxide, as an oxidizing agent, is cy-

totoxic in itself. The decomposition of hydrogen peroxide
to water and molecular oxygen is carried out by catalase
(Tkachenko, Skaletska, 2009), the activity of which in ad-
olescents with HA remains within the control values in all
the studied groups (table).
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The neutralization of hydrogen peroxide and hydrop-
eroxides of unsaturated fatty acids is carried out by GPO
and RG (Tyazhka, Zagorodnya, 2016). In patients with
SH, the level of RG increased by 2.3 times compared with
MTI and by 3.6 times compared with the control group,
which obviously indicates a compensatory reaction of one
of the main low molecular weight antioxidants aimed at
neutralizing the products of FRO (Korzhov et al., 2007).
At the same time, the activity of GPO decreased in all the
studied groups compared with the control, especially in
SH (by 41.2 %). Apparently, in case of SH in conditions
of low activity of GPO, despite the high level of RG, the
neutralization of toxic products of FRO (peroxides and
hydroperoxides) formed in the initial stages slows down,
which can lead to the development of membrane patholo-
gy of thyroid cells in hypothyroidism (Kryuk et al., 2011).

In contrast to AOP components, changes in indicators
characterizing the state of FRO processes in boys with HA
did not undergo significant differences depending on the
level of TSH and did not differ from the control group (ta-
ble). However, taking into account changes in the integral
index of COS, it can be stated that in adolescents with SH,
the degree of oxidative stress is higher than 63.6 % in the
control group and higher than 35.8 % with MTL.

The existence of a close relationship between the FRO
and AOP indicators with the TSH and fT4 content in pa-
tients with HA is confirmed by the results of a correlation
analysis, during which a direct relationship was found be-
tween the levels of TSH and RG (r = 0.36; p < 0.05) and
fT4 and TBA (r = 0.40; p < 0.04).

Thus, under the conditions of the formation of thyroid
deficiency in patients with HA, an imbalance of key antiox-
idant enzymes is observed. It has been established that the
degree of thyroid insufficiency, to a certain extent, deter-
mines the severity of oxidative stress, which is confirmed
by changes in AOP and COS in subclinical hypothyroidism
and it is consistent with the data of scientific publications
(Tuktanov, Kichigin, 2013; Reddy et al. 2013).

CONCLUSION

In adolescents with androgen deficiency, a significant
role in the mechanisms of stress response development
belongs to the thyroid gland. In turn, disorders of redox
processes exacerbate the severity of hypothyroidism, form
a state of oxidative stress, the main initiator of which is
the low activity of GPO. The revealed features of changes
in AOP indicators in adolescent boys allow pathogeneti-
cally substantiated the subsequent correction and preven-
tion of antioxidant deficiency in the initial stages of HA in
combination with hypothyroidism.
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