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PREDICTIVE POWER OF OXIDATIVE STRESS
BIOMARKERS IN RECURRENCE AND SURVIVAL
IN ADVANCED CERVICAL CANCER

The aim of our study was to measure the levels of 8-hydroxy-2-deoxyguanosine, malondialdehyde, and antioxidant
enzymes in patients with locally advanced cervical cancer prior to treatment to determine how these evaluated bio-
markers are associated with cervical cancer recurrence and to estimate their potential in further research and clinical
use. Materials and Methods. The study included 45 female patients with newly diagnosed advanced cervical cancer
who underwent concomitant chemoradiotherapy. The blood and urine samples were collected prior to treatment,
between December 2013 and April 2016, and subsequent laboratory analysis was performed. After the medium
follow-up of 29 months, the patients were divided into 3 groups according to the time of disease recurrence. A sta-
tistical analysis was performed in order to evaluate the relationship between the previously measured biomarkers
and recurrence. Results. Taken individually, the parameters of oxidative stress did not reveal significant differences
between the three groups in our study. Nevertheless, the catalase and glutathione S-transferase activities were the
best predictors of the recurrence. Based on the activities of these two oxidative enzymes, it was possible to separate
the group of patients without recurrence after follow-up from the other two groups of patients with recurrent disease.
Conclusions. The parameters of oxidative stress have a certain predictive value on the outcome of patients with ad-
vanced cervical cancer after concomitant chemo-radiotherapy.

Keywords: biomarkers, cervical cancer, cancer recurrence, oxidative stress, antioxidative enzymes, 8-hydroxy-2-de-
oxyguanosine.

Citation: Jelic M, Mandic A, Maricic S, Bozin B, Kladar N, Sudji J, Srdjenovic Conic B. Predictive power of oxida-
tive stress biomarkers in recurrence and survival in advanced cervical cancer. Exp Oncol. 2023; 45(2): 231-241.
https:// doi.org/10.15407/exp-oncology.2023.02.231

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2023. This is an open access article under the CC BY-
NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 1812-9269. Experimental Oncology 45 (2). 2023 231



M. Jelic, A. Mandic, S. Maricic, B. Bozin, N. Kladar, J. Sudji, B. Srdjenovic Conic

Free radicals are produced in the human body
as part of different physiological and patho-
logical processes. The largest part of the oxygen
produced by the metabolic processes in cells is
reduced to water or transformed during enzyme-
catalyzed reactions. The remaining, small part of
the oxygen, forms reactive oxygen species (ROS)
[1]. Even in small concentrations, these free ra-
dicals/ROS are toxic as they react with different
biomolecules. In order to prevent oxidation and
repair the damaged biomolecules, the organism
uses various antioxidants, notably antioxidant
enzymes such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx),
glutathione reductase (GR), and glutathione S-
transferase (GST) [2].

The oxidative stress occurs when the produc-
tion of free radicals exceeds the capacities of
the antioxidant protection system. The oxida-
tive stress can cause a serious disturbance to cell
metabolism, namely, discontinuation of DNA
chains, an increase in intracellular free calcium
ions, damage to the membrane ion transporter,
and other specific proteins and lipid peroxida-
tion that can consequently lead to cell death [3].

Cervical cancer presents a global healthcare
issue, as it is the fourth most common cancer in
women by the incidence and mortality. The inci-
dence and mortality vary highly between the de-
veloped and developing countries, with 80% of
newly diagnosed cases of cervical cancer taking
place in the latter [4]. Patients with advanced
cervical cancer (FIGO stages IIb—IV) usually
undergo concomitant chemo-radiotherapy as
a therapeutic modality and have a poorer prog-
nosis and higher recurrence rates when com-
pared with early stages. The persistent human
papillomavirus (HPV) infection plays the most
important role in cervical cancer pathogenesis:
this virus has been isolated in 99.7% of cervi-
cal cancer patients [5]. The chronic infection
activates inflammatory monocytes/macrophages
that produce large quantities of ROS [6]. The high
levels of ROS lead to the defects and breakage of
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DNA chains in cervical epithelium cells providing
fragile places for the HPV genome integration.
Thus, the oxidative stress acts as a co-carcinogen
[7]. It acts not only in the initiation but also in the
promotion and progression of carcinogenesis by
stimulating modifications in the genome expres-
sion and suppressing cell apoptosis [8, 9].

The most common biomarkers used for the
quantification of the oxidative stress are: antioxi-
dant enzymes (SOD, CAT, GPx, GR, and GST);
the product of DNA oxidation, 8-hydroxy-2-de-
oxyguanosine (8-OH-2dG); and the product of
lipid peroxidation, malondialdehyde (MDA) [10].

The previous studies have shown alterations in
the levels of oxidative biomarkers in patients with
cervical cancer, compared to healthy controls,
suggesting a role of the oxidative stress in cancer
pathogenesis and a possible diagnostic potential
for the measured biomarkers [11—14]. It has been
suggested that oxidative stress biomarkers could be
used as predictors of the response to the treatment,
recurrence, and survival of patients with cervical
carcinoma [15—17]. Yet, not much is known to-
day about the potential association between the
oxidative stress biomarkers and the cervical can-
cer response to treatment and the susceptibility to
recurrence. The studies of the oxidative stress in
cervical cancer were mostly focused on carcino-
genesis and cancer biomolecular diagnostics.

The aim of our study was to measure the le-
vels of 8-OH-2dG, MDA, and the antioxidant
enzymes in patients with locally advanced cervi-
cal cancer prior to treatment and compare the
results obtained from three groups of patients
after follow-up, based on the survival and the
disease recurrence, in order to establish how
these evaluated biomarkers are associated with
the cervical cancer recurrence and estimate their
potential in further research and clinical use.

Materials and Methods

Patients. This study included 45 female patients
with newly diagnosed advanced cervical cancer
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(FIGO stages IIb—IV). There were 31 patients
in FIGO stage IIb, 9 patients in FIGO stage IIIb,
3 in FIGO stage IVa, and 2 in FIGO stage IV.
The mean patients’ age was 52.18 years. Three
patients had adenosquamous carcinoma, while
41 patients had planocellular carcinoma. The in-
clusion criteria for the patients were: age above
18 years, the signed written consent, the nega-
tive pregnancy test, ECOG 0—1 the negative
test for HIV, hepatitis C and B and the histo-
logical confirmation of cancer. The exclusion
criteria for the patient groups was an acute in-
flammatory process in the body, the previous
interventions on the cervix, the previous history
of cancer, the previous radio- or chemothera-
py. All patients underwent the same treatment
(concomitant chemo-radiotherapy) after initial
diagnosing and sample collection. The standard
protocol for chemoradiation at our institution
consists of cisplatin in doses of 40 mg/m?, once
per week, half an hour before EBRT (external
beam radiotherapy), the latest one administered
in 25 fractions to the cumulative dose of 45 Gy.
The EBRT is followed by boost brachytherapy,
given in 2—5 fractions until the cumulative ra-
diation dose reaches 85 Gy.

Patients were grouped as follows: group
0 — patients who are alive and without dis-
ease recurrence at the time of follow-up; group
1— deceased or with disease recurrence within
6 months of receiving treatment; and group 2 —
deceased or with disease recurrence between
6 months of receiving treatment and the date of
follow-up (Table 1).

The study and informed consent were ap-
proved by the Ethical Committee of the Onco-
logy Institute of Vojvodina (Ethical approval No.
2067/5 from 18.10.2013.). The samples were col-
lected from December 2013 to April 2016. The
medium follow-up period was 29 months.

Blood collection and erythrocyte lysate pre-
paration. Five-milliliter blood samples were
drawn into EDTA tubes by venipuncture. For the
analysis of GPx, we used an amount of 0.4 mL
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of blood. For the determination of other anti-
oxidative enzymes, 1 mL blood samples were
centrifuged for 10 min at 1375 g. After plasma
removal, red blood cells were washed thrice
with physiologic saline. The ice-cold distilled
deionized water was added to the erythrocytes
up to 4 mL, and the obtained hemolysates were
used for the analysis of SOD, GST, GR, and CAT.
To analyze MDA, the plasma samples were se-
parated from the remaining blood samples after
they were centrifuged for 10 min at 1375 g.

Chemicals and equipment. All chemicals
used in this study were purchased from Sigma
Aldrich and were of analytical grade. A Beck-
man Coulter automated hematology analyzer
was used for the analysis of the blood samples.
An Agilent 8453 UV-visible spectrophotometer
was used for measuring MDA concentration and
the activity of the antioxidative enzymes. The
concentration of 8-OH-2dG was determined by
gas chromatography with mass detection (GC-
MS) with an Agilent GC 78904, 5975C VL MSD
device. The identification of 8-OH-2dG was per-
formed using commercial mass spectrometric
libraries (Fiehn. L and NIST8.L) and confirmed
by the use of the AMDIS software package and
characteristic ions m/z 383 (T); 368 (Q1), and
311 (Q2) (T-target; Q1 and Q2-qualifier ions).

Superoxide dismutase. The xanthine/xanthi-
ne oxidase system was used as a basis for the
total (Cu-Zn and Mn) SOD activity measuring
method, as described by Jelic et al. [18]. The en-
zyme amount causing 50% inhibition in the cy-
tochrome C reduction rate was defined as one
unit of SOD, and the results were expressed in
U/g Hgb.

Table 1. Distribution of patients into groups

Group No %

0 15 33

1 15 33

2 11 24
Loss-to-follow-up 4 9
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Catalase. CAT activity was measured after
the dilution of the sample with 50 mmol/L phos-
phate buffer, pH 7.00, just prior to measure-
ments, by the same method used in the previous
paper [18]. The reaction mixture was 30% H,O,,
50 mmol/L phosphate buffer pH 7.00, and 10 pL
erythrocyte lysate. The reduction rate of H,O,
was followed at 240 nm for 3 min at 25 °C. CAT
activity was expressed in U/g Hgb.

Glutathione reductase. GR was determined
by measuring the reduction rate of oxidized
glutathione (GSSG) with NADPH as a suitable
enzyme substrate at 340 nm, as described ear-
lier [18]. GR activity was defined in nmol of
NADPH/min/gHgb.

Glutathione peroxidase. The enzymatic acti-
vity of GPx was determined in erythrocyte lisate
after dilution. The reaction mixture was 1 mol/L
Tris buffer, pH 8.00, containing 5 mmol/L of
Na,EDTA, 2 mmol/L NADPH, 250 IU/mL of
glutathione reductase (GR), and 0.1 mol/L re-
duced glutathione (GSH). After the reaction
mixture was incubated for 10 min at 37 °C the
reaction was initiated with 7 mmol/L t-butyl-
hydroperoxide. The formation rate of oxidized
glutathione (GSSG) and concomitant oxidation
of NADPH to NADP* were monitored spectro-
scopically at 340 nm. The activity of GSH-Px was
expressed in nmol of NADPH/min/g Hgb.

Glutathione-S-transferase. The conjugation
of the —-SH group of reduced glutathione with
1-chloro-2,4-dinitrobenzene (CDNB) was used
for the determination of glutathione-S-transfer-
ase (GST). The measurement of GST enzyme ac-
tivity was performed with 20 mmol/L GSH as the
first,and 25 mmol/L CDNB as the second electro-
philic substrate in 0.5 mol/L potassium phospha-
te buffer, pH 6.50. The absorbance of the conjugate
CDNB-glutathione was measured at 340 nm. The
activity of GST was represented in nmol of CDNB-
glutathione conjugate/min/g Hgb.

Thiobarbituric acid reactive substances. The
formation of thiobarbituric acid reactive sub-
stances (TBARS) was used to estimate lipid per-
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oxidation, as described by Jelic et al. [18]. The
deproteinization of the samples was carried out
with 15% trichloroacetic acid, after which the
samples were treated with 0.375% thiobarbituric
acid. The mixture was heated in a boiling water
bath for 15 min. After cooling to room tempe-
rature, it was centrifuged at 3500 g for 10 min,
and the developed pink color was measured
at 535 nm. The values were defined in nmol of
MDA/L.

8-OH-2dG. After 3-mL urine sample was
centrifuged at 3500 g 1 mL of supernatant was
taken for analysis. 1 mL of the sample was in-
jected into the column, after the column had
been conditioned. Later, the column was washed
and centrifuged at 3500 g and 8-OH-2dG was
eluted with methanol. Before analysis, the elua-
te was quantitatively transferred in GC-inserts,
evaporated, and after re-dissolution derivatized
by dissolving the residue in 20 mL of acetonit-
rile (HPLC grade) and adding 20 mL of bis-
trimethylsilyl trifluoroacetamide (BSTFA). Then
it was incubated for at least 30 min at room
temperature and analyzed by GC-MS (EI ioni-
zation). The values were represented as the con-
centration of 8-OH-2dG/mg creatinine.

Statistical analysis. The statistical analysis
included the Kruskal — Wallis test followed
by, when necessary, a multiple comparison test
of medium ranges. P-values at the level of 0.05
were considered statistically significant. The ca-
nonical discriminant analysis (CDA) was used
for the assessment of discrimination between the
examined groups of patients, based on the values
obtained for the markers of the oxidative stress,
while the determination of the resemblance
between the groups was performed by the hie-
rarchical cluster analysis based on Mahalanobis
distances. Microsoft Excel 2007 and the Statis-
tica 13 software package (StatSoft Inc., USA),
University License (University of Novi Sad) were
used for statistical analysis.

Intra- and inter-assay precision. The valida-
tion of the analytical methods required for the
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determination of lipid peroxidation intensity,
SOD activity, CAT activity, GST activity, GPx
activity, and GR activity included the determi-
nation of the repeatability (intra-assay) and the
reproducibility (inter-assay) coeflicients, which
were summarized in the form of the expanded
measurement uncertainty (EMU). Specifically,
each tenth sample analyzed for one day was as-
sessed in triplicate (ur), while on different days
randomly chosen samples were analyzed in trip-
licates (Ur), which was used for the determina-
tion of the combined measurement uncertainty.
As it concerns the analytical method required
for the determination of 8-OH-2dG, the intra-
and inter-assay precisions were determined by
analyzing real samples spiked at three concen-
tration levels with the analytical standard in
triplicate on the first day and on the two sub-
sequent days. The previously determined coef-
ficients combined with the recovery test were
used for the calculation of the combined mea-
surement uncertainty and EMU with covering
factor k = 2.

Results

There were no statistically significant differences
between the three evaluated groups of patients,
with respect to the activities of SOD, CAT, GPx,
GR, GST, and the values of TBARS and 8-OH-
2dG (Kruskal—Wallis test). The obtained results
for each of the tested parameters are presented
in Fig. 1.

On the other hand, when canonical dis-
criminant analysis was applied to the variables
describing the markers of the oxidative stress
in patients, the results showed that the values
obtained for catalase and glutathione S-trans-
ferase activities significantly contributed to the
discrimination among patients (the tested va-
riables were: CAT, GST, LP, GPx, GR, SOD, and
C (8-OH -2dG)/mg Cr) (Table 2).

The canonical analysis showed that the first
canonical axis (CA1l) describes 89.18% of the
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discriminations among the examined patients,
while the second canonical axis (CA2) describes
10% of the discriminations among the patients
(Table 3).

Table 3 demonstrates the loadings of the first
two canonical axes including all the antioxidant
enzymes as variables, thus showing the correla-
tion between the originally measured variables
and the newly formed canonical variables.

The position of the examined patients in the
space defined by the first two canonical axes
shows the grouping of patients without relapse
(group 0) in the negative part, i.e., the grouping
of patients with relapses (groups 1 and 2) in the
positive part (Fig. 2).

The hierarchical cluster analysis on the Ma-
halanobis distances obtained by discriminant
analysis demonstrates the separation of patients
without relapse from the group of patients in
whom relapse occurred within 6 months or la-
ter (Fig. 3).

Discussion

The variations in the prognosis and the survival
of patients with advanced cervical cancer are
the result of the multiple factors (FIGO stage,
histopathology, therapeutic modalities, follow-
up interval). These differences can partially be
explained by an altered oxidative-antioxidant
system in cancer cells, which leads to treatment
resistance or tumor progression, in some pa-
tients, and longer survival without recurrence,
in the others.

These alterations have been well documented
in a study where enhanced lipid peroxidation
and lower activities of antioxidant enzymes
were estimated in pre-treatment samples, taken
from patients with advanced cervical cancer
and compared to the control group of healthy
patients [15]. The results obtained in this study
correspond to the ones published in two other
studies, where the high levels of the lipid per-
oxidation products and the low activities of anti-
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Fig. 1. Differences in the activity of antioxidative enzymes SOD, CAT, GPx, GR, and GST and values of TBARS and
8-OHdG between groups 0, 1 and 2: SOD — superoxide dismutase; CAT — catalase; GPx — glutathione peroxidase;
GR — glutathione reductase; GST— glutathione S-transferase; TBARS — thiobarbituric acid reactive substances;
8-OHdG — 8-hydroxy-2-deoxyguanosine; group 0 — patients that are alive and without disease recurrence at the
time of follow-up; group 1 — deceased or with disease recurrence within 6 months of receiving treatment; and group
2 — deceased or with disease recurrence between 6 months of receiving treatment and the date of follow-up

oxidant enzymes were observed [13, 16]. In our
previous study, the high activity of antioxidant
enzymes and high concentrations of TBARS
and 8-OH-2dG were observed in patients with
cervical cancer [18].
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In accordance with our previous findings [18],
the study by Zahra et al. [19] demonstrates an
increased level of lipid peroxidation, higher le-
vels of 8-OHdG, and an altered antioxidant
defense system in the blood of cervical cancer

ISSN 1812-9269. Experimental Oncology 45 (2). 2023



Predictive power of oxidative stress biomarkers in recurrence and survival in advanced cervical cancer

3.0

2.5 4

2.0

1.5 4

1.0 4 >

I
w
O

CA2:10.82%
o

Oo

| |

— o

(=} w (=]
L L L

-1.5 0

-2.0

-2.5

o
oanie)
N = O

-3.0 T T T

-3 -2 -1 0

1 2

w 4
=~

CA1:89.18%

Fig. 2. Position of the patients in the area defined by first two canonical
axes: CA 1 — canonical axis 1, CA 2 — canonical axis 2; group 0 — pa-
tients that are alive and without disease recurrence at the time of follow-
up; group 1 — deceased or with disease recurrence within 6 months of
receiving treatment; and group 2 — deceased or with disease recurrence
between 6 months of receiving treatment and the date of follow-up

patients. The oxidative stress was involved not
only in the pathogenesis, but also in the pro-
gression of cervical cancer, since this imbalan-
ce became more pronounced in the advanced
stages due to the increased tumor burden. An-
other study revealed that the compromised
antioxidant system in the blood samples of cer-

vical cancer patients of Bangladesh was associ-

ated with damage to various biomolecules and
ultimately impaired cellular functions and sug-
gested that these parameters can be used in the
early diagnosis of cervical cancer [20].

The high levels of lipid peroxidation are due
to the cancer cell-intrinsic production of free
radicals, or an impaired antioxidant system.
Lipid peroxidation, which occurs at a primary

Table 2. Canonical discriminant analysis - model summary. Evaluated variables:
SOD, CAT, GPx, GR, GST, TBARS, and 8-OH-2dG. Whole model statistics: F (14.62) = 1.6637; p = 0.0872

Variable Wilks’ (Lambda) | Partial (Lambda) | F-remove (2.31) P Tolerance
CAT 0.733432 0.720457 6.014115 0.006208 0.494195
GST 0.796480 0.663427 7.863534 0.001729 0.293710
GPX 0.535766 0.986263 0.215885 0.807029 0.793223
GR 0.529115 0.998660 0.020791 0.979438 0.843448
SOD 0.601730 0.878145 2.150841 0.133438 0.522918
c(8-OH-2dG) / mg Cr 0.530508 0.996038 0.061652 0.940325 0.909752
LP 0.533728 0.990029 0.156110 0.856133 0.873545
ISSN 1812-9269. Experimental Oncology 45 (2). 2023 237
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Fig. 3. Hierarchical cluster analysis on Mahalanobis dis-
tances (group 0 — patients that are alive and without
disease recurrence at the time of follow-up; group 1 —
deceased or with disease recurrence within 6 months of
receiving treatment; and group 2 — deceased or with
disease recurrence between 6 months of receiving treat-
ment and the date of follow-up)

site can also be propagated to other tissues [15].
The activity of the antioxidant enzymes in cer-
vical cancer patients varies in different stud-
ies depending on the response to the produced
oxidants [21]. The high activity of the antioxi-
dant enzymes is usually explained by the in-
creased gene expression and the upregulation
as a response to oxidant production, whereas
the low activity might be due to the increased
consumption of the antioxidant enzymes in an
oxidant-rich environment such as cancer [22].

Table 3. Canonical discriminant analysis —
the loadings of the first two canonical axes
(SOD, CAT, GPx, GR, GST, TBARS, and 8-OH-2dG)

Variable CA1l CA2
CAT -1.11552 -0.676837
GST 1.61883 -0.642359
GPX 0.16519 0.264420
GR 0.02976 0.121549
SOD -0.71672 0.428161
c(8-OH-2dG)/mg Cr -0.07096 -0.164395
LP -0.16203 -0.057807
Eigen value 0.73719 0.089393
Cumulative proportion 0.89185 1.000000
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Free radicals act as mediators for chemothe-
rapy and radiotherapy. Their increased produc-
tion during treatment leads to cancer cell DNA
damage and cell death [23]. Several studies indi-
cate that the high activity of GST can be respon-
sible for the multiple cytotoxic drug resistance
acting as an inhibitor of the apoptotic MAP ki-
nase pathway, or via the direct conjugation and
subsequent inactivation of chemotherapeutics
[24]. Lower concentrations of glutathione in
peripheral blood erythrocytes were observed in
patients with a complete and partial response to
chemotherapy, compared to ones with stable or
progressive cancers. This corresponds to an in-
creased synthesis of glutathione in cancer cells
with rapid proliferation, while glutathione re-
duction causes the sensitization of cancer cells to
therapy and apoptosis [25, 26].

The Mn-SOD expression in cervical cancer
cells is associated with a poorer prognosis, pos-
sibly due to an increased resistance to radio-
therapy associated with its expression [27]. It has
been suggested that the overexpression of Mn-
SOD provides counteraction to the intracellu-
lar oxidative mechanisms that normally inhibit
cancer cell growth and proliferation, thus pro-
viding these cancer cells with more aggressive
behavior and resistance to therapy [28—30].

To our knowledge, only four studies have
evaluated the oxidative stress in patients with
cervical cancer, prospectively, focusing on the
alterations of the oxidative stress biomarkers
following treatment and follow-up and asses-
sing their prognostic value. In the study by
Sharma et al. [15], lipid peroxidation decreased
and the antioxidative enzyme activity grew
until it was normalized, about four months af-
ter treatment, and stayed normal after one year
in patients who exhibited a complete response,
while patients who exhibited only a partial res-
ponse, or a stable disease, such normalization
did not occur. Mila-Kierzenkowska et al. re-
ported the normalization of glutathione peroxi-
dase, catalase, and TBARS about 6 months after

ISSN 1812-9269. Experimental Oncology 45 (2). 2023
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brachytherapy [11]. In the study by Bhuvaraha-
murthy et al. [16], these parameters returned to
normal values at a different level after therapy
depending on the therapeutic modality. Srista-
va et al. [13] demonstrated that the antioxidant
enzyme levels dropped further during follow-
up, whereas the lipid peroxidation levels did not
show significant changes.

In our study, the oxidative stress param-
eters taken individually did not show signifi-
cant differences between the three groups of
patients. Nevertheless, the analysis of all tested
biomolecular markers of the oxidative stress in
three groups of patients with advanced cervical
cancer that underwent the same standard treat-
ment showed that, among the others, the CAT
and GST activities were the best predictors of
the recurrence. Based on the activities of these
two oxidative enzymes, it was possible to sepa-
rate the group of patients without recurrence
within the follow-up period from the other two
groups of patients with the recurrent disease. In
our study, the oxidative stress parameters have
a certain predictive value on the outcome of pa-
tients with advanced cervical cancer after the
concomitant chemoradiotherapy. It was not pos-
sible to subdivide the groups further because of
the small number of patients, which could be the
potential limitation of our study.

Furthermore, Prabhu et al. [31] studied the as-
sociation of GST level and radiation response in
cervical cancer patients and found that the high
level of the antioxidant production by tumor
tissue can be protective against the cytotoxic
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! HoBocazcokuit YHiBepcutet, Meguunmit gpaxynsret, Hosuit Cag, Cep6ist
2 OHKOIOTi9HMIT incturyT BoeBommun, Cpemcka-Kamennis, Cep6is

IMMPENVIKTMBHE 3HAYEHH BIOMAPKEPIB OKVMICHOT'O
CTPECY Y BUSHAYEHHI PELIVIIVBIB TA BVDKMBAHOCTI
[PV TIOIIMPEHOMY PAKY HINVIKI MATKI

Mertoio Haoi po6oTu 6y/10 FOCTIANTI PiBHI 8-TifpOKCH-2-A€30KCUTYaHO3UHY, MaTIOHOBOTO Jia/IbfieTily Ta aHTH-
OKCHIAaHTHMX (PePMEHTIB Y MAI[i€HTOK 3 MiCIIeBO-TIOMMPEHNM PAKOM IIVMITKM MAaTKM 10 TiKyBaHHA [/ BUSHAUECHHS
ix 3B’13KY i3 peLMiMBOM 3aXBOPIOBaHHs, a TAKOXK OLIHUTH IXHIil MOTEHIal y HOJAIbIINX JOCTIIKEHHAX I MOX-
JIMBOMY KJIiHIYHOMY 3acToCcyBaHHi. MaTepianu Ta MeTomm. Po60oTa IPYHTYETbCS Ha pe3y/IbraTax 0O0CTe)XeHHs Ta
MiKyBaHHA 45 IAILliEHTOK i3 BIeplIe JialrHOCTOBAHMM IIOIIMPEHUM PAKOM IIMIIKY MATKM, AKi IPOMIL/IN CYITy THIO
xiMio-IIpOMeHeBY Teparrito. 3pasku KpoBi Ta cedi Oymu 3i6paHi nepex mikyBaHHAM, y Hepio 3 rpyaHs 2013 poky
o kBiteHb 2016 poky. Ilic/ist ciocTepeskeHHs, sIKe B CEPeIHbOMY TPUBAIO 29 MiCs1iB, XBOPi 6y/1u posnopineni Ha
3 rpynu 3a TepMiHaMU PO3BUTKY PELUANBY 3aXBOPIOBAHHsL. /It OL[iHKM 3B’A3KY MK KIIbKICHUMM ITOKAQ3HUKAMM
6ioMapkepiB Ta pO3BUTKOM PELUANBY OY/I0 IPOBEAEHO CTATUCTUYHMIT aHai3. PesymbraTi. Okpemo B3sTi mapame-
TPY OKCUIATMBHOTO CTPECy He BUABU/IM iCTOTHMUX BiIMiHHOCTEN MiXK TpbOMa I'PYIIaMM AIIiEHTOK Y HALIOMY IOCITi-
mkeHHi. TuM He MeHIII, piBeHb aKTUBHOCTI KaTasasy Ta IyTaTioH-S-TpaHcdepasy Oymy HallKpalMu MPeauKTO-
paMu po3BUTKY PeLAMBY PaKy IINiiky MaTKy. Ha 0CHOBI IIOKasHMKIB aKTMBHOCTI IIVIX IBOX OKMCHUX (epMEHTIB
MO>XKHa 0Y/I0 BilOKpeMUTH IpyIly HaLli€HTOK 6€3 peLlUANBY BIPOLOBXK IEePiOfly CIIOCTepeXKEHH: Bijj IaI[iEHTOK IBOX
iHIINX IPYTI, B AKMX PO3BUBABCA PELUINB 3aXBOPIOBaHHA. BucHoBKH. ITapaMeTpy OKCMIATMBHOTO CTPECY MalOTh
MeBHY NPEVMKTUBHY LiHHICTh MIO/I0 PE3Y/IbTaTiB TiKyBaHHA MAal[i€HTOK i3 IOIMPEHNM PAaKOM IIMIKNM MaTKM /A
CYIIyTHBOI XiMiO-TIPOMEHEBOI Tepalrii.

KmrodoBi cnoBa: 6iomapkepy, pak IIMITKM MaTKM, PeLUAUB PaKy, OKCUIATUBHMUIL CTpeC, aHTMOKCUIAHTHI (hepMeH-
TH, 8-TiIPOKCU-2-1e30KCUTYaHO3VH.
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