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Obesity is rapidly increasing all over the world and pretends to be the global medical and social prob-
lem. Thus, the understanding of early signs of obesity and suitable biomarkers is urgently needed for develop-
ing an adequate strategy of the obesity prevention and a decrease in its growth rate. The parameters of the
lipids’ metabolism and oxidative stress, metallothioneins and signs of cytotoxicity have been investigated in
blood samples of young obese women (O-group, 32 < Body Mass Index (BMI) < 37). With regard to persons
of O-group they had higher catalase activity (by 435%), level of reactive oxygen species (by 129%), level of
oxidised glutathione (by 55%), lipid peroxidation (by 26%) and protein carbonyls (by 345%) in the blood,
when compared with control. The obesity was accompanied by an increase in concentration of metallothio-
neins which have a partial tread effect on radical processes and reduce manifestations of oxidative damage
to biomolecules in obese patients. The obese women had the signs of cytotoxicity as higher lactate dehydro-
genase activity (by 387%) and DNA fragmentation (by 42%). The principal component analysis revealed the
set of biological traits which describes the obesity progress and it included metallothioneins, parameters of
oxidative stress, cytotoxicity, BMI and a concentration of low density lipoproteins and total cholesterol. The
BMI was in a good correlation with parameters of the lipid metabolism, oxidative injury and cytotoxicity
(r>10.73|, P < 0.001).

Keywords: obesity, oxidative stress, low density lipoproteins, high density lipoproteins, metallothioneins,
cytotoxicity.

besity is a chronic disease that is accom-
O panied by an enlargement of adipose tissue

and represents a global social and medical
problem [1]. Frequency of persons with overweight
and obesity in the world has doubled since 1980, and
by 2016, more than 1.9 billion adults with overweight
and over 650 million with obesity, the main part of
which belongs to young people [2]. According to
WHO experts, 50% of women and 20% of men will
be overweight, if obesity grows at the same pace by
2025. Ukraine ranks first in terms of childhood obe-
sity (~28% of boys and girls) in Europe.

Reactive oxygen species (ROS) are physiologi-
cally necessary. They activate transcription fac-
tors and participate in gene expression, carry out
transduction of hormonal and cellular signals, are

involved in the oxidation of xenobiotics, have bac-
tericidal action, as well as regulate the processes of
cellular reproduction and control tissue homeosta-
sis [3]. At the same time, the excessive formation
of ROS and the excess of the tolerance limits of the
organism’s antioxidant system initiate free radical
processes and the development of oxidative stress,
which is one of the main determinants of a number
of pathologies [4-6].

The adipose tissue is an endocrine and accu-
mulation organ that consists of adipocytes and se-
cretes hormones and adipokines [1]. In physiological
and, especially, pathological conditions, adipokines
produce ROS indirectly through NADPH-oxidase,
which in turn initiates oxidative stress and causes
imbalance of proliferation, differentiation and matu-
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ration of adipose tissue cells. Peripheral deposition
of fat in the abdominal cavity and in the area of in-
ternal organs determines the development of lipo-
toxicity under obesity, which becomes the basis for
mitochondrial dysfunction and excessive production
of ROS [5]. The latter, in combination with chronic
systemic inflammation, become a trigger signal for
the systemic acute phase response and determines
the development of a number of pathological condi-
tions, including concomitant diseases, in particular,
atherosclerosis and other carrdiovascular diseases,
metabolic syndrome and type Il diabetes [7, 8].

Therefore, the purpose of the present work is to
study the status of stress-responsive systems in com-
bination with lipid metabolism and manifestations
of oxidative damage and cytotoxicity in the blood of
normal weight and obese women.

The parameters of the antioxidant system and
metallothioneins, multifunctional metal-binding,
stress-response proteins, which, depending on the
conditions, can involve both the binding of metals
and the sequestration of ROS [10], were included
in the set of stress-responsive system’s indices,
according to the results we obtained earlier using
ovarian cancerous tissue and human thyroid nodular
goiter tissue [6, 9, 11].

Materials and Methods

We have screened the blood samples of 15
women with normal weight and 15 obese women
aged 19-22 years who randomly sought regular
health screening at the Ternopil hospital. Any per-
son did not present any other pathologic condition
that could interfere results and they did not take
any vitamin—mineral supplementation and/or other
medicines. BMI was calculated as weight (kg)/height
(m?) and persons who had BMI 19-24 kg/m? were
determined as the control (C-group) and those who
had BMI 32-37 kg/m?, as the obese ones (O-group)
as recommended by the WHO [2]. All studies and
observations were conducted in accordance with the
rules of the National Congress on Bioethics (Kyiv,
2000) and the protocol of estimation was approved
by the Committee of Ethics in Volodymyr Hnatiuk
National Pedagogical University of Ternopil (No 3,
2017).

All the procedures were carried out at 4 °C.
Plasma samples were obtained as the supernatants
of anti-coagulated heparinized blood. All chemi-
cals were purchased from Sigma Aldrich (St. Louis,
USA) or Merck (Synbias, Kyiv, Ukraine), and were
of the analytical grade or higher.
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The glycated hemoglobin (HbAIc), total choles-
terol and triglycerides were measured with diagnos-
tic “LaChema” spectrometric kits and low density
(LDL) and high density (HDL) lipoproteins were es-
timated with CormayLDL/HDL Direct spectromet-
ric kits according to the manufacturer’s instructions.

Catalase activity (EC 1.11.1.6) was meas-
ured in whole blood samples by Aebi method [12],
which is based on the decomposition of hydrogen
peroxide with the catalase derived from the sam-
ple. The test mixture contained 150 pg of protein
in 50 mM K-phosphate buffer, pH 7.4 in the presen-
ce of 15 mM H,O, in total volume of 3.0 ml. The
reaction was initiated by adding the appropriate
volume of blood sample, and then the absorbance
at 240 nm within a 60-second interval was deter-
mined. Enzymatic activity was calculated by the
millimolar coefficient of the hydrogen peroxide’s
absorbance (¢ = 0.04 mM*.cm™) and expressed in
pmol'mintmg? proteins.

The content of total glutathione was quanti-
fied in the blood plasma by the glutathione reduc-
tase recycling assay [13]. To estimate the oxidized
glutathione (GSSG) level, the protein free sample
was treated with 2-vinylpyridine 60 minutes prior
to the assay at 2% final concentration [14]. The rate
of 5-thionitrobenzoic acid formation was monitored
spectrophotometrically at 412 nm. The concentra-
tion of reduced glutathione (GSH) was calculated as
the difference of concentrations between total glu-
tathione and its oxidized forms.

The content of ROS in the supernatant of the
whole blood samples were determined using a ROS-
sensitive fluorescent dye dihydrorhodamine which
is converted by ROS to the fluorescent dye rhoda-
mine-123 [15]. The supernatant was prepared us-
ing 20 mM HEPES-sucrose lysis buffer (pH 7.4) by
centrifugation at 16,000xg for 45 min. Probe fluo-
rescence signal was detected by using f-max fluores-
cence plate-reader [excitation (ex.) = 485 nm, emis-
sion (em.) = 538 nm] at time 0 and after 20 min, and
the rates of ROS formation were calculated from
these two values. The ROS level was expressed in
relative fluorescence units (RFU) per 1 mg of pro-
tein.

Protein carbonyl (PC) concentration, as index
of protein oxidation, was measured in the trichlo-
roacetic acid-treated blood samples by the reaction
with 2,4-dinitrophenylhydrazine (DNPH) [16]. Dif-
ferences in the absorbance between the DNPH- and
the HCl-treated samples were determined spectro-
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photometrically at 370 nm, and the amount of car-
bonyls was determined by using molar extinction
coefficient of 2.2-10* M*-cm™. Data were expressed
as nmol PC-mg-1 of soluble extracted protein.

Lipid peroxidation (LPO) was determined in
the protein-free supernatant of trichloroacetic acid-
treated blood samples by the production of thiobar-
bituric acid-reactive substances (TBARS) [16]. The
formation of TBARS was calculated by the inten-
sity of the absorption of a pink-colored complex at
532 nm by the molar extinction coefficient of the
complex equal to € = 1.56:10° M-cm™ [16].

The activity of lactate dehydrogenase (LDH,
EC 1.1.1.27) was determined using the UV assay
with pyruvate and NADH [17] by determining the
amount of NADH oxidation at 340 nm. Phosphate/
pyruvate solution (3 ml) (50 mM phosphate, pH 7.5,
0.63 mM pyruvate) was pipetted into cuvettes and
50 pul NADH solution (11.3 mM B-NADH) added
then 100 pl of the serum sample was spiked and
mixed immediately and the extinction was read after
every minute interval for a period of 4 min. A molar
extinction coefficient of 6.22:106 M*-cm™ was used.
Glutathione-S-transferase (GST, EC 2.5.1.18) activi-
ty was measured according to [18] using CDNB as
substrate. Enzyme activity was determined at 25 °C
by monitoring changes in absorbance at 340 nm for
2 min at constant temperature. The GST activity was
expressed as nmol min*-mg? protein.

Metallothioneins (MTs) were determined from
thiols measure with 5,5’-dithio-bis-2-nitrobenzoic
acid according to the method of Viarengo et al.
[19] after the ethanol/chloroform extraction with
slight modification. Briefly 200 pl fresh prepared
blood plasma were mixed with a cold 20 mM
Tris-sucrose buffer (1:3 v/v) with 0.05 ml of 0.01%
B-mercaptoethanol and 0.5 mM PMSF solution and
centrifuged at 16,000 g for 45 min. Then MTs were
extracted with chloroform : absolute ethanol mix-
ture (2:25 v/v).The levels of MTs were calculated
assuming the relationship: 1 mol MTs = 20 mol GSH
and were expressed as pg of MTs per ml of blood.

DNA damage was evaluated by the levels of
protein-free DNA strand breaks in the 1:10 (v/v)
blood serum in 50 mM Tris-EDTA buffer, pH 8.0
which contains 0.5% sodium dodecyl sulphate (SDS)
by the alkaline DNA precipitation assay [20] using
Hoescht 33342 dye. To reduce the possible interferen-
ce with traces of SDS, the assay was carried out in
the presence of 0.4 M NaCl, 4 mM sodium cholate,
and 0.1 M Tris (pH 9). Probe fluorescence signal was

detected by using f-max fluorescence plate-reader
(excitation = 360 nm, emission = 450 nm). The con-
tent of fragmented DNA was expressed as a mass
fraction of DNA strand break in a sample to the total
DNA.

Data were tested for normality and homogenei-
ty of variance by using Kolmogorov-Smirnoff and
Levene’s tests, respectively. Whenever possible, data
were normalized by Box-Cox common transforming
method. For the data that were not normally distribu-
ted even after the transformation, non-parametric
tests (Kruskall-Wallis ANOVA and Mann-Whitney
U-test) were performed. Pearson’s correlation test
was used to assess correlations between the studied
traits. Normalized, Box-Cox transformed data were
subjected to the principal component analysis (PCA)
to differentiate the individual specimens by the set
of their indices. For evaluation of the antioxidative-
prooxidative equilibrium and generalization of or-
ganism’s response we used the self-proposed integral
index of oxidative stress as the ratio of antioxidant
defence parameters (catalase, reduced glutathione,
glutathione transferase, MTs) and oxidative injury
manifestations (ROS, oxidized glutathione, TBARS,
protein carbonyls) after the standardization of data
(http://uapatents.com/5-45298). All statistical calcu-
lations were performed with Statistica v. 12.0 and
Excel for Windows-2013. Differences were conside-
red significant, if the probability of type I error was
less than 0.05. For all biological traits and all studied
groups, the sample size was 15. The data are pre-
sented as means * standard deviation (SD).

Results and Discussion

Determination of lipid metabolism indices in
the examined persons of the O-groups indicates that
in obese patients, the concentration of total choles-
terol (by 29%) and lower density lipoproteins (LDL,
by 59%) is higher, while the high-density lipopro-
teins (HDL, by 19%) is lower than in the control
group (Table 1). The ratio of HDL/LDL in the con-
trol group is 0.82 and decreases for obesity to 0.44.
Parameters of lipid metabolism correlate with BMI
(r>10.73|, P < 0.001). The concentration of triglyceri-
des and glycosylated hemoglobin is similar in both
groups of patients.

The analysis of the indices of the antioxi-
dant system shows (Table 2) that in patients with
obesity, catalase activity is higher (by 435%), and
glutathione-S-transferase activity (by 27%) and the
content of reduced glutathione (by 36%) are lower
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Table 1. Parameters of lipid metabolism and
concentration of glycated haemoglobin in the
blood samples of normal weight and obese women,
M£SD,n=15

Parameters Group
Control Obesity

Glycated

haemoglobin, % 49+0.1 49+0.2
Total cholesterol, MM 4.3+0.3 5.5+ 0.4*
Triglycerides, mM 09x0.3 11+£03
High density

lipoproteins, mM 18+0.2 15+0.2*
Low density

lipoproteins, mM 22+04 34+0.3*

Here and in Table 2: * statistically significant differences
compared to correspondent control, P < 0.05

than in the control. Also, the content of metallothio-
nein is higher (by 66.7%) in patients with obesity. At
the same time, the patients had higher levels of ROS
(by 129%), concentration of oxidized glutathione (by
55%), TBARS (by 26%) and protein carbonyl (by
345%) in comparison with the control group. The in-
tegral index of oxidative stress is -0.43 and indicates
a shift in redox-balance in the cell and prooxidant
changes.

There are signs of cytotoxicity in patients with
obesity, among them elevated, compared to control,
the level of DNA fragmentation (by 42%) and higher
lactate dehydrogenase activity (by 387%).

The use of the principal component analysis
with the NIPALS algorithm (type of multi-factor

analysis of data) allowed us to find correlations be-
tween investigated parameters of the examined nor-
mal-weight and obese individuals. About 85% of the
absolute values of the investigated biological traits
belong to Factors 1 and 2 (Figure). Metallothioneins
form a joint cluster with parameters of oxidative
stress, cytotoxicity, index of body mass, total choles-
terol, and low density lipoprotein. These indices are
also crucial in the development of obesity, as they
correlate with O-group with a high significance. The
control group is located in opposition to the O-group
and includes indices of reduced glutathione and high
density lipoprotein. This arrangement proves the re-
lation of the patterns within the cluster and their op-
posite nature between the two clusters.
Metallothioneins are low molecular weight,
stress-response proteins with high content of sulfur
(up to 30% of the amino acid composition falls on
cysteine), and d-metals deposited with zinc and cop-
per are involved in the cadmium detoxification in
cells and, due to the presence of three elements in
the promoter of the gene, metal-response (MRE),
antioxidant-response (ARE) and glucocorticoid-
response (GRE), are induced by metals, numerous
stressors and prooxidants and, in vitro, inhibit radi-
cal processes and apoptosis [11, 21, 22]. Meanwhile,
the properties of metallothioneins of adipose tissue
and their role in the development of obesity in mam-
mals, and especially humans, are not well-estimated
[23]. Existing data are mostly sporadic. In particu-
lar, it has been shown that over obesity, metallothio-
neins expression in hypodermic adipose tissue cells,
adipocytes and SVF cells of mammals and humans
is higher than normal [21, 23]. At the same time, a

Table 2.Blood biochemical parameters of normal weight and obese women, M + SD, n = 15

Parameters Group
Control Obesity
Metallothioneins concentration, ug-ml* blood 117+14 195+ 19*
Catalase activity, pmol'min1-mg? proteins 136+2.8 729 £ 13.5*
TBARS, nmol'ml* blood 2.3+0.3 29+0.3*
Protein carbonyls, nmol-mg? proteins 11+01 4.9 + 0.6*
Glutathione oxidized, pmol-ml* blood 0.20 +0.02 0.31 + 0.03*
Glutathione reduced, pmol'-ml* blood 22+03 14 +0.2*
Reactive oxygen species concentration, RFU-mg?* proteins 54+0.3 12.2 + 0.6*
Glutathione transferase, nmol'mintmg? proteins 100.7 £ 15.5 73.8 £9.8*
DNA strand break, % 6.3+07 8.9+0.3*
Lactate dehydrogenase activity, umol-min-1-mg-1proteins 0.42 £ 0.08 21+ 04*
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Integral analysis of indices of lipid metabolism,
stress-response systems and molecular injury of
normal weight and obese women

two-week diet with an energy value of 800 calories
and a prolonged fasting does not affect the level of
expression of MT2 [23, 24]. The protective role of
metallothioneins for the development of obesity by
regulating adipocyte proliferation, signaling leptin
and synthesis of ATP is proved on the example of
MT-I- and MT-Il-zero (MT ") and wild type (MT*"*)
lines of female mice supporting a high calorie diet
[21, 22]. It has also been shown that the level of
metallothioneins in the blood of obese women is
higher when compared to the control, moreover,
the metallothioneins mMRNA level is 5-15 times
higher than that of ZnT-1 and Zip-1 zinc transporter
MRNA, however, similar parameters for the control
group have not been studied [25].

The examined obese women have a higher
concentration of metallothioneins than those in
the control group. In combination with oxidative
injury, inhibition of the antioxidant system param-
eters, metallothioneins perform a protective role
and, apparently, function primarily not as metal
binding proteins, but as radical scavenger using
free thiol groups. The inclusion of MT into a joint
cluster with oxidative stress indices (Fig.) and the
existence of a correlation between the concentra-
tion of metallothioneins and oxidation damage of
proteins and lipids in a regression analysis model
demonstrates the benefit of the proposed hypothe-
sis: Metalothioneins = -10.65 + 0.005xBMI —
0.024xCholesterol + 0.004xLDL + 9.39xTBARS*
+ 0.503xPC* 0.026xROS + 0.0005xCatalase,
R?=0.99; F(7.8) = 5053.8, P < 0.001; * — parameter
inputs the significant value in the statistical model.

Involvement of metallothioneins in the elimination
of ROS has been proved using human nodular goiter
and ovary cancer models [6, 9, 10]. Therefore, the
further study of the possibility of using metallothio-
neins as nutritional supplements to reduce the effects
of oxidative damage to biomolecules in people with
overweight is urgently needed. Certain attempts in
the use of compounds enriched in cysteine (among
them N-acetylcysteine) or substances that modulate
the synthesis of metallothioneins as a means of anti-
obesity are known in the literature [26, 27].

Oxidative modifications of lipids associated
with low density lipoproteins play an important role
in endothelial dysfunction and inflammatory pro-
cesses associated with atherosclerosis [4,5]. Partly
protective, antioxidant role in the oxidation of low
density lipoproteins is performed by high density
lipoproteins that has been demonstrated in vitro
by the example of copper-induced oxidation of li-
poproteins in women with type 2 diabetes [28] and
postmenopausal women [29]. In the present study,
BMI is negatively correlated with the ratio of HDL/
LDL. Thus, in obese women the portion of high den-
sity lipoproteins is reduced in agreement with the
increase of protein carbonyls and DNA fragmenta-
tion: DNAsb = 8.51 — 1.52xTBARS + 0.95xPC* +
0.23xHDL/LDL; R? = 0.85, F(3.12)=30.45, P < 0.001.
These factors can be considered as determinants of
the pathogenesis of concomitant metabolic diseases,
which is consistent with the literature [30].

It is believed that hydrogen peroxide is one of
the key molecules that cause oxidative damage to
biological systems. The mechanisms of cytotoxic
action of hydrogen peroxide include its conversion
to the highly reactive hydroxyl radical that damages
proteins, lipids and DNA. Glutathione peroxidase,
peroxyredoxin and catalase are the enzymes that are
involved in the neutralization of H,0, and catalase
has the least affinity for the hydrogen peroxide [31].
In our case study, catalase activity in obese women
exceeded the basal activity of the control group by
435%, consistent with a threefold increase in protein
carbonyls (r = 0.96, P < 0.001). Similar results were
obtained using mice that were kept on a fat-enriched
diet [32]. Thus, catalase reacts sensitively to dyslipi-
demia and can be considered as a sensitive marker
for exceeding the threshold concentration of hydro-
gen peroxide, while glutathione peroxidase and per-
oxyredoxin are manipulated with nanomolar peroxi-
de amounts necessary for signal transduction [33].
Activation of catalase and its up-regulation on the
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principle of sharp-phase response is noted in animals
under a number of model acute toxic conditions, for
example, after copper treatment [34].

Glutathione transferase belongs to the key en-
zymes of Phase II detoxification and protects cells
from oxidative stress and numbers of organic and in-
organic toxic compounds and their metabolites. Our
results show that in patients with obesity GST activi-
ty is lower than in the comparison group. Similar
data were obtained in mice with induced and genetic
obesity (ob/ob) [35, 36]. Lower relative expression
of GSTP1/2 in the liver of obese mice which cor-
responds to a smaller number of GSTP class pro-
teins and may result in decreasing the enzyme cata-
Iytic activity was demonstrated using transcriptional
analysis. It has recently been proven that the human
GSTP1 gene polymorphism is associated with in-
creased susceptibility to diabetes and abdominal
obesity [37].

There is a number of evidence that the increase
of proliferation and hypertrophy of adipocytes in
animals and humans is accompanied by the develop-
ment of hypoxia and LDH activation [7, 38]. LDH of
blood is considered a marker of cytotoxicity and tis-
sue damage, as well as malignancy of pathomorpho-
logical changes in a number of diseases, including
cancer, myocardial infarction, liver disease, sepsis,
and so on [39]. The results obtained by us testify
that LDH activity in young women correlates with
the body mass index (r = 0.9, P < 0.001) on the one
hand and manifestations of oxidative damage on the
other (r = 0.95, P < 0.001 for protein carbonyls and
r=0.94, P <0.001 for lipid peroxidation), which may
indicate an unfavorable clinical pattern of the dis-
ease and development, over a period of time, in the
examined concomitant metabolic diseases. In obese
patients, who concomitantly had the colorectal can-
cer, high LDH activity and IL-8 levels determined
five times higher mortality than in those with normal
body weight [40].

A series of publications are devoted to the
search for early markers for the prognosis of the ap-
pearance and progression of obesity in young peo-
ple. However, the main focus is on anthropometric
measurements, markers of inflammatory processes
(e.g., IL-6, C-reactive protein) and lipidogram pa-
rameters [41-43]. However, their separate evalua-
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tion could not reflect a coherent picture of existing
pathological changes, and complicates the prognosis
of the course of the disease, including the possibili-
ty development of concomitant metabolic diseases.
Up-to-date, more and more works have appeared,
especially in the field of oncology and cardiovas-
cular pathologies, which argue that only the defini-
tion of a set of indicators can provide an early de-
tection and adequate prediction of the course of a
process and improve understanding of the mecha-
nisms of its occurrence [44, 45]. According to the
analysis of all our data by the principal component
analysis, the development of obesity is determined
by a set of indices, which include metallothioneins,
oxidative stress, cytotoxicity, body mass index, low
density lipoprotein and total cholesterol concentra-
tions. Among them, the highest index of variability
(2<I'v<5b), and thus the greatest sensitivity to obesity,
is shown by catalase, products of oxidative destruc-
tion of proteins, LDH, the ROS level and the ratio
of high-density lipoprotein to low-density lipopro-
teins. Therefore, this panel of blood parameters, as
covering various functional systems of the body, can
be used to assess the degree of pathomorphological
changes in obesity.

To sum up, the integrated analysis of the se-
lected parameters of lipids’ metabolism and oxida-
tive stress, metallothioneins and signs of cytotoxic-
ity in obese young women allowed us to determine
the amount of features that deepens pathological
changes. It is the discrepancy in oxidative-reductive
status related to simultaneous activation of catalase
and manifestation of oxidative injury, the redox-
equilibrium shift in the direction of the prooxidant
processes and the disturbance of the balance of an-
aerobic / aerobic glycolysis and NAD*/NADH, re-
ducing the portion of high-density lipoproteins to
low-density lipoproteins, as well as increasing the
DNA fragmentation. Metallothioneins have a partial
tread effect on radical processes and reduce manifes-
tations of oxidative damage to biomolecules in obese
patients.

This work was supported by the Ministry of
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Alexander von Humboldt Scholarship to H.F.
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OxwupinHs HaOyBae 3arpo3NMBHX MaclITadiB
Ta SBISE TIO0ANBHY MEIHUKO-COIalbHYy Mpo0IIe-
My. Binrak, icHye HeoOXiTHICTh BUBYCHHS TPUINH
BUHUKHEHHSI Ta MEXaHi3MiB HOro IpOrpecyBaHHs
IUIS. BUPOOJIEHHST €IMHOI cTpaTerii mpodinakTHKU
OXXHUPIHHS Ta 3MEHILCHHS TEeMIIIB HOro NMPUPOCTY.
JocrimpkyBany MOKa3HUKHW JIMIAOTPaMHA Ta OKHC-
HOTO CTpeCy, BMICT METaJIOTIOHEIHIB Ta O3HAKHU
LUTOTOKCUYHOCTI B KPOBI MOJIOAMX >KIHOK, XBO-
pux Ha oxupiaHs (O-rpyna, 32<iHIeKC MacH Tinia
(IMT) < 37). B obcrexenux xiHok O-rpynu BcTa-
HOBJICHO 3HAYHO BHILY AKTHBHICTh Karajaszu (Ha
435%), miaBuIIEeH] piBHI aKTHUBHUX (OPM OKCUTEHY
(Ha 129%), KOHUEHTpALisl OKUCICHOTO IIIyTaTioHy
(Ha 55%), Bmict TBK-AII (Ha 26%) 1 KapOOHITEHUX
MOX1AHMX MpoTeiHiB (Ha 345%) mopiBHSHO 3 00-
CTEKEHHMH B KOHTPONBHIA TpPyIi. 32 OXHPIHHSI
30ibIIyBaBCS  BMICT  METaJOTiIOHEIHIB,  fKi
BiIIrPalOTh YACTKOBO HPOTEKTOPHY pOJb MIONO
paaMKanbHUX INPOLECIB y KIITHHaX Ta 3MEHIIY-
I0Tb NPOSIBU OKUCHOT'O YIIKODKEHHSI O10MOJICKYJI B
JKIHOK 3 OKUPIHHSIM. Y XBOPUX Ha OKHPIHHS TPOSB-
JISTIUCS O3HAKM LUTOTOKCUYHOCTI 31 301MbLICHHAM
JAKTaTAeTiIporeHa3Hoi akTUBHOCTI (Ha 387%) Ta
piBus ¢parmenrtauii JJHK (na 42%). 3rigHo 3 me-
TOJIOM T'OJIOBHUX KOMITIOHEHTIB PO3BUTOK OXKHUPIHHS
BU3HAYAETHCS CYKYIHICTIO O3HAK, IO SKMX Ha-
Je)KaTh METaJIOTIOHETHH, IOKAa3HUKH OKHUCHOTO
cTpecy, muTOTOKCHYHOCTI, IMT, KOHIIEHTpaIis
JIITOTPOTETHIB HU3BKOI IIIJIBHOCTI Ta XOJIECTEPOITY.
IMT kopentoe 3 MOKa3HWKAMH JIIIMTAHOTO OOMIiHY,

OKHCHOTO YIIKO/JKEHHS Ta IUTOTOKCHYHOCTI
(r>10,73], P <0,001).
KniogoBi cmoBa: OXHUPIHHA, OKHC-

HUW CTpec, JIMONPOTEIHH HU3BKOI IIIJIBHOCTI,
JIMONPOTETHN BUCOKOI MIIBHOCT1, METAJIOTIOHETHH,
UTOTOKCUYHICTD.

OILIEHKA COJEPKAHMUS
METAJJIOTUOHEUHOB,
MOKA3ATEJIEN
OKUCJIUTEJBHOTO CTPECCA U
IMUTOTOKCUYHOCTH Y MOJOJbBIX
JKEHIIUH C O)KUPEHUEM

I U @anvhywunckas, O. U. Iopoin,
B. B. Xoma, I’ B. Tepewyx, /[. B. Ocaduyk,
H. U. Pycuax, O. b. Cmonsap

TepHONONBCKUIN HALIMOHANBHBIN MeJarOrMueCKUn
yHuBepcuTeT UMeHHU B. ['HaTioka, YkpanHa;
e-mail: falfushynska@tnpu.edu.ua

Oxuperre  TpHOOpeTaeT  yrpoKaroline
MacmTaObl ¥ TPEACTABISET TI00ATBHYIO MEIH-
KO-CONMAJIBHYI0 TIpoOsieMy. CremoBarenbHO, Cy-
IECTBYET HEOOXOAMMOCTh M3y4EeHHsS] TPUINH
BO3HHKHOBEHHS W MEXaHH3MOB €ro IMpOrpecCH-
poBaHUs 1751 BRIPAOOTKH €WHOW CTpaTeruy Mpo-
(DMNAKTUKK OXWPEHUS W yMEHBIIEHUS TEMIIOB
ero mpupocTa. MccienoBanu mokazateny JIUITHIO-
TpaMMBI ¥ OKUCIHUTEIHHOTO CTpecca, COAepKaHue
METaJIJIOTHOHEWHOB M IMMPU3HAKH IIUTOTOKCHIHOCTH
B KPOBHU MOJIOJIBIX KEHIIWH, OOJIBHBIX OKHPEHUEM
(O-rpynma, 32<unnexc maccol Tena (MMT) <37). Y
00cJeT0OBaHHBIX KEeHIUH O-TpyNIbsl YCTaHOBIIEHA
3HAYUTENHHO 00Jiee BEICOKAsi aKTHBHOCTD KaTajlasbl
(Ha 435%), NOBBILLICHHBIE YPOBEHb AKTUBHBIX (OpPM
kuciopona (Ha 129%), KOHIIEHTpaIus OKUCIEHHO-
ro rmytaruona (Ha 55%), conepxanmne TBK-AII (Ha
26%) 1 KapOOHMJIBHBIX HMPOU3BOJHBIX NPOTEHHOB
(na 345%) o cpaBHEHUIO ¢ 00CIIEIOBAHHBIMH B KOH-
TponbHOU rpytre. [Ipu oXXupeHNn yBeNTMInBaIOCh
coJiepKaHue METAJUIOTHOHEHHOB, KOTOPbIE HCITOII-
HSIIOT YaCTUYHO MPOTEKTOPHYIO POJIb OTHOCHTEIb-
HO PaJHUKaJIBHBIX MPOIECCOB B KIETKAX W YMEHb-
IAIOT MPOSIBJICHUS OKHCIUTEIHHOTO MTOBPEXKICHUS
OMOMOJIEKYJT y )KEHIIUH C O)KHpEeHHEM. Y OOIBHBIX
C OXHpPEHHEM NPOSBIUIACH MPU3HAKU ITUTOTOK-
CUYHOCTH C YBEITMYCHHUEM JIAKTAT/IET HIPOT €HA3HOH
aktuBHOCcTH (Ha 387%) M ypoBHs (hparmMeHTaLUU
JHK (aa 42%). CormacHo MeTOMy TJIaBHBIX KOM-
IIOHEHTOB Pa3BUTHE OKUPEHHS OIMPENeseTCs CO-
BOKYITHOCTBIO TPHU3HAKOB, K KOTOPBIM OTHOCSITCS
METaJIJIOTHOHEWHBI, TMOKa3aTel OKHCIUTEIHHOTO
crpecca, nurtoTokcnuHocty, UMT, koHUeHTpanus
JUTIONIPOTEHMHOB HU3KOW TUIOTHOCTH M XOJIECTEPH-
Ha. UMT koppenupyeT ¢ noka3aTessiMy JIUIUIHO-
ro oOMeHa, OKUCIIUTEITEHOTO TIOBPEXKICHUS U IIUTO-
tokcuurocTH (r > (0,73, P < 0,001).

7



ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 5

KnwoueBbie ciaoBa: OXHPEHUC, OKUCIU-

TEJIbHBII CTPECC, JUIIONPOTEUHBl HU3KON IIOTHO-
CTH, JIMIIONPOTEUHBI BBICOKOH INIOTHOCTH, METa-
JIOTUOHEUHBI, IUTOTOKCUYHOCTb.
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