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FEATURES OF OXIDATIVE METABOLISM AND GENETIC
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Background: The combination of chemo- and radiotherapy used as main treatment of locally advanced cervical cancer (CC) may
lead to side effects in healthy cells, which undermine the effectiveness of treatment and quality of life. The assessment of damage
level in healthy radiosensitive cells from the tumor environment before the treatment is important in order to predict and prevent
remote side effects of radiation. A4im: To study the oxidative metabolism and genetic disorders in peripheral blood lymphocytes
(PBL) of primary CC patients in order to evaluate the possibilities of predicting radiation complications based on the molecular
and biological properties of PBL. Materials and Methods: Peripheral blood samples were collected from 13 primary CC patients
Ti_4No_1M,_;, and PBL were routinely isolated. The oxidative metabolism (mitochondrial trans-membrane potential, superoxide
anion radical (O,%) generation, reactive oxygen species (ROS) production in PBL as well as the level of SH-groups in plasma and
pro/antioxidant ratio in hemolysates were examined. The development of genetic instability was determined by estimation of DNA
double-strand breaks (DNA-DSB), frequency and spectrum of chromosome aberrations and apoptosis. Results: The marked increase
in the intensity of O,* generation in PBL (1.5-fold), depletion of SH-groups content (1.6-fold) and a shift in the pro-antioxidant
balance (1.4-fold) towards its prooxidant component were observed in the blood of primary CC patients as compared to healthy
individuals. These oxidative stress related events were accompanied by an increase in the level of DNA-DSB (2.1-fold), apoptosis
(3.5-fold) and frequency of cells with chromosome aberrations (3.9-fold). On the contrary, significant decrease in mitochondrial
trans-membrane potential (2.0-fold) and ROS generation in PBL (4.0-fold) were detected. Conclusion: Preliminary data indicate
a violation of redox processes regulation, a shift in the pro-antioxidant balance towards its pro-oxidant component, accompanied
by an increase in the level of DNA damage, development of genetic instability and apoptotic death of blood lymphocytes in primary
CC patients.
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Cervical cancer (CC) is the fourth-most common
cancer inwomen by incidence and mortality and pres-
ents a global healthcare concern among the female
population both in Ukraine and in the world, especially
amongwomen of reproductive age. Incidence and mor-
tality vary highly between developed and developing
countries and more than 80% of new cases of CC are
diagnosed in the latter [1]. According to the Interna-
tional Agency for Research on Cancer, the incidence
of CC ranges from 4.4 to 42.7/100,000 women. Ac-
cording to the National Cancer Registry of Ukraine,
the age-standardized incidence rate of this disease
in 2020 was 16.1/100,000 women. CC ranks third
in the incidence of malignant neoplasms and first
in mortality in the 18—-29 age group and second in mor-
bidity and mortality in the 30-54 age group [2].

One of the leading and most effective approaches
in the treatment of locally advanced CC is combined
radiation therapy consisting of external beam radiation
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therapy and brachytherapy [3, 4]. This combination
allows to significantly escalate the dose to the tumor
and minimize radiation exposure to the surrounding
organs and tissues. It has been shown that the ad-
dition of brachytherapy to complex treatment regi-
mens improves local control, which is also reflected
as an increase in overall survival of patients [3-5].
An additional use of chemotherapy, which serves also
as a radiosensitizer, allows further increase in overall
survival of patients by an average of 5% [5, 6].

The use of combined radiation and chemotherapy
leads to the termination of the hormone-producing
function of the ovaries in CC patients of reproductive
age. This is due to atrophic processes in the lower
parts of the genitourinary system [7], genitourinary
syndrome of menopause, the manifestations of which
significantly affect the quality of life of patients
in the long term after treatment [8, 9].

Combined radiation and chemotherapy may lead
to side effects in healthy cells and tissues that are
located in the irradiated zone. This negatively affects
the effectiveness of treatment and quality of life.
Therefore, animportant approach in researchis the as-
sessment of the level of damage in healthy radiosen-
sitive cells that are in direct contact with the tumor,
such as lymphocytes of the circulating blood pool.
This is particularly important before the beginning
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of concomitant chemo-radiotherapy in order to predict
and prevent remote side effects of radiation includ-
ing the development of secondary cancer. Molecular
disorders, chromosomal and other abnormalities
in healthy cells of cancer patients change the func-
tional status of these cells including radiosensitivity.
Additional radiation-induced damage in these cells
due to therapeuticirradiation may contribute to a high
risk of distant radiation complications from the healthy
tissues, organs surrounding the tumor, including cir-
culating blood pool cells.

Variations in hematological indicators may have
prognostic value for treatment of cancer patients.
In particular, a decrease in the number of T-lympho-
cytes and cytotoxic T-lymphocytes in the peripheral
blood of CC patients after chemotherapy is a prog-
nostic factor of a favorable treatment outcome [10].
The course of radiation therapy causes a decrease
in the percentage of lymphocytes and an increase
in the ratio of neutrophils to lymphocytes in some pa-
tients, which is associated with a later stage of the dis-
ease (larger tumor size and metastasis to the lymph
nodes) and low rates of overall survival or survival
without progression [11, 12]. Anumber of studies have
shown that changes in mitochondrial trans-membrane
potential (MTP) and reactive oxygen species (ROS)
production in peripheral blood lymphocytes (PBL)
can be used as markers characterizing the devel-
opment and consequences of treatment of various
diseases [13, 14].

The development of many pathological processes
is associated with an increase in free radical reactions,
which leads to the oxidative damage of various biomol-
ecules. Data from the literature indicate that oxidative
stress, as an imbalance between pro- and antioxi-
dants, plays a significant role in the development and
progression of CC [15, 16]. At the same time, a viola-
tion of the pro-oxidant-antioxidant balance in favor
of pro-oxidants leads to excessive formation of free
radicals, in particular ROS, the main ones of which
are superoxide anion radical (O,*), hydrogen perox-
ide (H,0,) and hydroxyl radical (OH*). The generation
of free radicals, in its turn, leads to DNA damage and
genetic instability.

The sulfhydryl groups (SH-groups) of proteins and
low molecular weight compounds play an important
role in antioxidant processes in cells. They also have
a significant role in the numerous biological processes,
particularly in apoptosis, proliferation, metabolism and
regulation of transcription. The exchange of thiol-disul-
fide has been found to contribute to protein folding and
its stability as well to affect the redox potential of cells
and proteins [17]. The active forms of oxygen and ni-
trogen formed both in normal physiological processes
as well as in response to the radiation play a special
role preceding formation of genetic instability of cells.
Well-known is a correlation between the apoptosis-
associated changes in cells and their radiosensitivity.
The increased induction of chromosomal aberrations
and formation of micronuclei in lymphocytes of cancer

patients after irradiation may be explained in many
cases by apoptosis as a mechanism of elimination
of cells with damaged DNA and maintaining the ge-
netic stability [18].

Therefore, it is important and promising to search
for biological predictors of the complications severity
in patients with CC after combined chemo-radiother-
apy. Our previous study shows that comprehensive
examination of gynecological cancer patients with
the use of radiosensitive blood cells as radiobiological
indicators provides an opportunity to predict the pos-
sibility of long-term post-radiation complications and
prevent their development [19].

The aim of the study was to assess the features
of oxidative metabolism and genetic disorders in PBL
of primary CC patients in order to evaluate the pos-
sibilities of predicting radiation complications based
on the molecular and biological properties of the ra-
diosensitive blood cells.

MATERIALS AND METHODS

In the study, peripheral blood was collected from
primary CC patients before the treatment. 13 CC pa-
tients 30 to 66 years old (mean age 50.0 years) were
diagnosed and treated at the National Cancer In-
stitute of the Ministry of Health of Ukraine (Kyiv)
in 2022. Blood samples of 21 conditionally healthy
women (control) aged from 21 to 69 years (mean age
42 .4 years) served as control. Most patients had squa-
mous cell carcinoma, while one patient had endocer-
vical adenocarcinoma and one — low-differentiated
squamous cell carcinoma. All patients were informed
about the examination and provided a written informed
consentto participate in the study, which was approved
by the Ethics Committee of R.E. Kavetsky Institute
of Experimental Pathology, Oncology and Radiobiol-
ogy of the National Academy of Sciences of Ukraine.
The clinical diagnosis of CC in all patients was con-
firmed histologically and the stage of the tumor pro-
cess was determined according to the International
Classification of Tumors (TNM, 8" edition, 2017). All
patients enrolled in the study did not previously receive
chemo- or radiotherapy. The clinical and morpho-
logical characteristics of the examined CC patients
are provided in Table 1.

Table 1. Clinical and morphological data of CC patients

Indicators Average age, years___ n %

Overall 50.0 13 100
Stage of the disease, T:NoM, 51.5 4 30.7
TNM T,N;M, 65.0 1 1.7
T,NoM, 60.0 3 231

T,N;M, 38.7 3 231

T3NoM, 53.0 1 1.7

TN, M, 30.0 1 1.7

Differentiation grade, G G, 52.7 7 53.8
Gy 46.8 6 46.2

Peripheral blood was sampled in the standard ster-
ile 6 ml Vacutainer tubes with Li-heparin anticoagulant
(FL. Medical, Italy). PBL were isolated by centrifuga-
tion using Histopaque-1077 (Sigma-Aldrich, USA)
according to the manufacturer’s instructions [20].
Blood plasma was obtained by centrifugation (15 min
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at 1200 g; 20 °C) and stored at4 °Cupto 1 h. The num-
ber of viable cells was counted with trypan blue (Sigma,
USA) supravital staining [21] and the concentration
of lymphocytes was adjusted to 1.0 million per ml.

MTP in PBL was determined using JC-1 dye [22,
23] with some modifications [24]. Fluorescence
measurements (Aex = 485 nm, Aem = 528 nm and
Aex =485 nm, Aem = 590 nm) were performed using
a Sinergy HT plate reader (USA). The wells contained
100 ul of lymphocyte suspension (50,000 cells)
stained with JC-1 (20-25 min) and twice washed
with PBS. Control wells contained 100 pl of intact
cells. The level of MTP was calculated as the ratio
of the intensity of red (Aem =590 nm) and green (Aem
=528 nm) fluorescence of cells (590 nm/528 nm).

The intensity of O, generation by PBL was evalu-
ated by the lucigenin chemiluminescence method [25].
Measurements were carried out on the AutoLumat
LB 953 device (Germany) during 72 s (puls/72 s) [26].

The intensities of the ROS production in PBL were
determined using the fluorescent dye 2,7-dichlorofluo-
rescin diacetate (DCFH DA) [27, 28] with some modi-
fications [24]. Fluorescence measurements (Aex =
485 nm, Aem =528 nm) were performed on a Synergy
HT plate reader. The results were calculated according
to the calibration curve and expressed as mM hydro-
gen peroxide per 1000 cells per h (mM/10% cells/h).

The balance of free radical processes in blood was
evaluated by determining the pro/antioxidant ratio
(PAR) in hemolysates by the method of H,0,-induced
chemiluminescence on the AutoLumat LB 953 [26, 29].
The total amount of light emitted in 3 min of the reac-
tion (puls-10%/180 s) was registered reflecting the PAR
of the sample.

The level of DNA double-strand breaks (DNA-DSB)
in PBL was determined by the method of electropho-
resis of individual cells (Comet assay) under neutral
conditions [30, 31]. The percentage of DNA in the “tail”
of the comet was used as an indicator of DNA dam-
age [32].

The metaphase analysis of PBL chromosome
aberrations was performed in the first mitosis
(at 48 h of cell cultivation) according to the standard
protocol [33]. Phytohemagglutinin (Gibco, USA) was
used as a T-lymphocyte mitogen. For each patient,
200-300 metaphases were analyzed.

The content of apoptotic cells in PBL samples
was assessed by flow cytometry (DxFlex, Beckman
Coulter Biotechnology Co. Ltd with Kaluza C software
for clinical analysis) and expressed as percentage
of hypodiploid cells. Preliminary processing of the cells
includes ribonuclease and propidium iodide staining
according to the technique described in [34].

Evaluation of the content of SH-groups of proteins
and peptides in blood plasma was performed by spec-
trophotometric method in modification [35].

Statistical analysis. The values were expressed
as the mean = standard error of the mean. Stu-
dent’s t-test was used to evaluate the significance

of the differences between individual groups. The dif-
ference was considered significant at p < 0.05.

RESULTS AND DISCUSSION

The development of many pathological processes
is associated with an increase in free radical forma-
tion, which leads to oxidative stress development.
This process is accompanied by excessive formation
of ROS, largely O, which can transform into other free
radical forms.

The intensity of O,~generation in PBL of CC patients
was increased as compared to healthy individuals
(Table 2). The average value of O,-generation in PBL
of the patients was 1.55 times (p < 0.05) higher than
in the control group. The analysis of the PAR also
revealed a significantincrease in its level in the hemo-
lysate of patients by 1.37 times, compared to healthy
individuals, which indicates the enhancement of pro-
oxidant processes in the blood of CC patients.

Table 2. Pro- and antioxidant processes in blood of primary CC patients

Indicators Patients with CC, Healthy individuals,
M+m M=m
0,4, puls/72s 1186.36 + 94.08" 767.20 + 39.80
(min—max) (742.67-3109.00) (488-1390)
PAR, puls-10%/180s 24.48 £2.09 17.34 £ 0.73
(min—max) (9.55-56.10) (6.92-31.11)
MTP, 590 nm/528 nm 8.051 £ 1.760" 16.674 + 3.680
(min—max) (2.658-26.634) (3.324-45.636)
ROS, mM/102 cells/h 6.010 £ 0.493" 24.119 + 3.611
(min—max) (2.507-9.770) (5.319-64.307)
SH-groups, mM 0.31 £0.03" 0.50 £ 0.01
(min—max) (0.23-0.54) (0.33-0.74)

Notes: *significant difference compared to healthy individuals, p < 0.05.

A significant decrease in MTP (by 2.0 times)
was observed in the PBL of CC patients compared
to healthy individuals. We observed the significant
individual variability of the MTP level for both CC pa-
tients and the healthy individuals of the control group
(Table 2). The coefficients of variation for values of ex-
perimental groups were 0.79 and 0.83 respectively.

The intensity of ROS production in the PBL
of CC patients significantly outweighed the changes
in the MTP level (Table 2), when we observed signifi-
cant ROS level reduction by 4.0 times in PBL of CC pa-
tients as compared to the control group. However,
the range of individual data variation for this indicator
in the group of CC patients was significantly smaller
(coefficient of variation = 0.30) in comparison with
healthy individuals (coefficient of variation = 0.69).

The intensification of O,~generation by PBL
of CC patients and significant increase of PAR level
were accompanied by the depletion of SH-groups
content in the blood plasma of CC patients. The aver-
age level of SH-groups was reduced by 38% in blood
of CC patients as compared to the group of healthy
individuals (Table 2). At the same time, the level
of spontaneous apoptosis in PBL of CC patients was
elevated and exceeded 3.5 times its value in the con-
trol group (Table 3).

Thus, preliminary data were obtained that indi-
cate a decrease in the content of SH-groups and
an increase in the level of spontaneous apoptosis
in the blood of CC patients as compared to their values



230

Experimental Oncology 44, 227-233, 2022 (September)

in conditionally healthy donors. This suggests a viola-
tion in regulation of redox processes under oxidative
stress conditions, which is characteristic of the pres-
ence of a pathological process and may indicate
a decrease in the antioxidant properties of the blood.

Obtained results regarding decreased MTP level
coincided with relatively low intensity of ROS forma-
tion by PBL in CC patients were rather unexpected.
It is known that mitochondrial dysfunction is usually
associated with alow level of MTP caused by increased
ROS production. Its persistent decrease may indicate
disorder of the electron transport chain [36]. Areduced
level of MTP and an increased intensity of ROS forma-
tioninthe PBL are observed in some diseases [37, 38]
and upon the use of cytotoxic substances [39, 40].
On the contrary, the effect of substances with protec-
tive properties can be accompanied by an increase
in MTP and a decrease in ROS production [41].

However, there are studies that show unidirectional
changes in TMP and the intensity of ROS produc-
tion [42, 43], and that destruction of MTP may not
be related to the excessive formation of ROS [44].
It can be assumed that a significant decrease
inthe MTP and low production of ROS in the PBL of ex-
amined CC patients may be associated with redistribu-
tion in the formation of free radical forms. Yet, we have
seen anincreased formation (1.5 times) of comparably
more destructive ROS such as O,* by the PBL of these
patients (Table 2).

Obtained data suggest the activation of free radical
oxidation processes in PBL of CC patients perhaps due
to the influence of tumor metabolism and the develop-
ment of oxidative stress. Thisis confirmed by other re-
searchers [45, 46], particularly Zahra et al. [ 16] showed
an increase in the lipid peroxidation in the blood of pa-
tients with CC compared to healthy individuals, which
becomes more pronounced in late stages of the tumor
process. Even more significant increase in oxidative
processes was observed in metastasizing CC [47].

Besides, free radicals attack other biomolecules,
including nucleic acids. Studies have shown that under
the influence of ROS, about 10,000 DNA base changes
occur at the level of one cell per day [48]. ROS cause
changesin purine and pyrimidine bases, loss of purines,
as well as single- and DNA-DSB and cross-links [49].

We found out a significant increase in the number
of DNA-DSB (by 2.12 times) in PBL of CC patients
as compared to healthy individuals (Table 3). DNA-DSB
are mostly responsible for chromosomal aberrations
formation, which in its turn can trigger apoptosis
or neoplastic transformation of cells.

Table 3. DNA damage and apoptosis in PBL of primary CC patients

Indicators Patients with CC, Healthy individuals,
M+m M+m
DNA-DSB,% 8.65+1.11° 4.08 £ 0.65
(min—max) (3.90-14.87) (1.66-6.47)
Apoptosis, % 6.90 +0.43° 1.97+£0.16
(min—max) (2.15-8.63) (1.24-4.53)

Notes:*significant difference relative to healthy individuals, p < 0.05.

Thus, characteristic features of oxidative metabo-
lism were revealed in the blood of CC patients before

the start of antitumor therapy that consist in marked
increase in the intensity of O,~ generation in PBL,
decrease in the content of SH-groups and a shift
in the pro-antioxidant balance in the blood towards its
pro-oxidant component. These oxidative stress related
events are accompanied by an increase in the level
of DNA-DSB damage, apoptosis and point to the de-
velopment of genome instability. Such changes
in the blood of patients with CC can provoke the oc-
currence of complications in the early and long terms
after a course of combined radio and chemotherapy.

Our previous experience, accumulated by ex-
amining oncogynecologycal patients with relevant
biological indicators, suggests the necessity to study
mutational changes in the genome of highly radio-
sensitive somatic cells of patients prior to anticancer
therapy [50, 19]. In order to assess genome insta-
bility in T-lymphocytes of patients with CC, studies
have been carried out to estimate the background
frequency and spontaneous chromosome aberration
spectrum before the beginning of combined chemo-
radiotherapy. The average frequency of cells with chro-
mosome aberrations in blood lymphocytes of the ex-
amined patients was 7.08 + 0.84% and exceeded
almost 4.4 times the value of this index in the control
group and more than twice the upper limit of the aver-
age population level. The total frequency of chromo-
some aberrations in PBL of CC patients comprised
7.84 £ 0.91/100 analyzed cells, i.e. 1.12 aberrations
per aberrant cell, which exceeded the value of this
index in the control group (Table 4).

Table 4. Results of cytogenetic screening of PBL in primary CC patients
Patients with CC,% Healthy individuals,

Cytogenetic indicators

per 100 cells, M+ m M+m
Frequency of cells with chro- 7.08 £0.84 1.81£0.24
mosome aberrations
Total frequency of chromo- 7.84£0.91 1.81£0.24
some aberrations
Frequency of chromatid type 5.22£0.60 1.14+0.24
aberrations
Frequency of chromosomal 2.61+0.20° 0.67+0.24
type aberrations
Dicentrics 0.16+0.10 0
Fragments 1.01 £0.10 0.67+0.24

Notes:*significant difference relative to healthy individuals, p < 0.05.

The ratio of the chromatid to chromosome type
aberration frequencies was 1.7:1. The aberrations
of chromatid type were represented mainly by chro-
matid fragments (90.6%) whose level was 5.11 +
0.75/100 cells, at average more than 5 times higher
than in the control. In contrast to the control group,
a distinctive feature of the spontaneous aberra-
tion spectrum was the appearance of dicentrics
(0.16/100 cells) that cause reproductive cell death
during one of the mitoses.

Obtained data show certain instability of the ge-
nome in PBL of CC patients even before the start
of treatment and indicate the possibility for post-
radiation complications. It is possible that the im-
pact on the patient’s organism caused by an onco-
logical process may affect its sensitivity to radiation
through genome modifications. Previous exposure to
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COVID-19 may also be one of such modifying fac-
tors [51, 52].

Identification of key features of oxidation metabo-
lism and genome instability in T-lymphocytes of pa-
tients with CC that are associated with cancer are es-
sential for predicting anindividual risk of post-radiation
complicationsin the long term. Future work is needed
to establish the possible role of studied indicators for
the prevention of chemo-radiotherapy complications.
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OCOBJINBOCTI OKUCHOIO METABOJ1I3MY
TATEHETU4YHI NOPYLUEHHS ¥V IIM®OLUUTAX
NEPU®DEPIAHOI KPOBI NEPBUHHUX XBOPUX

HA PAK LLUIMNKU MATKU

B.M. Muxaiiaenxo', E.A. /lvomina’, B.C. Ieanxoea’,
JI.I. Maxoseuvka', O.A. Lagin', T. B. Xpyaenxo®

! [necmumym excnepumenmanvroi namonoeii, onkoa02ii i padiobionoeii
im. PE. Kaseyvkoeo HAH Ykpainu, Kuie 03022, Ykpaina

2Hauionanvhuii incmumym paxky MO3 Ykpainu, Kuie 03022, Ykpaina

CtaH nutaHHsa: Pak wniikn matkm (PLLUM), ogHe 3 Harnowm-
PEHILLMX OHKOMOTMIYHNX 3aXBOPIOBAHb Y XiHOK, € rnobanbHUM
BUK/IMKOM OJ19 CUCTEMU OXOPOHM 300POB’S AK B YKpaiHi, Tak
i y cBiTi. OCHOBHUM METOAO0M NiKyBaHHS MaLEHTOK 3 Micue-
BO-nowmpeHum PLLUM € noegHaHa ximio- Ta nmpomMeHeBa Te-
panis, Wwo Moxe npusBecTy Ao nobiyHnx edekTiB y 340P0OBUX
KNITUHaX Ta TKaHWHAX OpraHi3aMy i, K HaCNigoK, 3HWXEHHS
edeKTMBHOCTI JliKkyBaHHS Ta AKOCTi XnUTTa xBopmx. OujiHka piB-
HS MOLUKOOKEHHS 340POBMX PagiovyTAMBUX KITITUH 3 OTOYEH-
HS NYXJIMHW Nnepeg, NiKkyBaHHSM € BaX/IMBOIO AJ11 MPOrHo3y Ta
3anobiraHHs BigganeHnMm Hacnigkam gii pagiauii. Mera: Oo-
CNignTN OKUCHIOBaNbHUIA MeTabosi3M i FreHeTUYHI NopyLUeHHs
y nimpoumntax nepudepunyHoi kposi (JIMK) nepBuHHMX XBO-
pux Ha PLUM pna OuiHKM MOXIMBOCTI NMPOrHO3YBAHHS MPO-
MEHEBUX YyCKnaAHeHb Ha OCHOBI MOJNEeKyNsAPHO-6i0NoriYHMX
BNACTUBOCTEN PafiovyTnMBMUX KNITWUH KPOBi. Martepiann ta
MeToam: 3pasku nepudepryHoi KpoBi 13 NEPBUHHNX XBOPUX
Ha PLWM Ty_4No_1Mq_; BUKOpUCTOBYBaNU 0N BULOINEHHS NiM-
dounTiB Ta NNa3Mu i NPOBEAEHHA KOMMIEKCHOro OOCIOXKEeH-
H OKMCHOro MeTaboniamy (BU3HAYEHHS MITOXOHZpPIaNbHOrO
TpaHcMeMbpaHHOro noTeHLiany, cynepokcua aHioH-pagukany
(02%), npoaykuii akTnBHUX hopMm kncHIo B JIMK, a Takox piBHSA
SH-rpyn y nnasmi Ta npo-/aHTMOKCUMAAHTHOrO CniBBigHO-
LWeHHs y remorizatax). PO3BUTOK reHeTUYHOI HecTabinbHOCTI
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OLHIOBaNM LUISIXOM BU3HAYEHHS! ABOHUTKOBUX MOLUKOAXEHb
[OHK, yacToTn i cnekTpy XxpoOMOCOMHMX abepaLii Ta anonTosy
B JINK. PesaynbtaTtu: Y kposi xB8opux Ha PLLIM BusiBneHO Bu-
paxkeHe MiaBuLLEeHHst iHTeHCMBHOCTI reHepauii O, (1,5 pasa),
3MeHLeHHsa BMicTy SH-rpyn (1,6 pasa) ta 3cyB npo-/aHTu-
okcuaaHTHoro GanaHcy (1,4 pasa) y 6ik MPOOKCMAAHTHOIO
KOMMOHEHTa MOPIBHAHO 3i 300poBUMM ocobamu. BusiBnedi
3MiHM, L0 MOB’A3aHi 3 PO3BUTKOM OKCUAATMBHOIO CTPECY,
CYNpPOBOOKYBANNCS NiABULLEHHAM PiBHSA ABOHUTKOBUX PO3PU-
BiB [AHK (y 2,1 pa3a), anonTto3y (y 3,5 pasa) i yactotu KAiTuH
3 XpoMocoMHUMUK abepauismu (y 3,9 pasa). NapanensHo 6yno
BUSIBJIEHO 3HAYHE 3HUKEHHS MITOXOHAPIASIbHOrO TPAaHCMEMO-

Copyright © Experimental Oncology, 2022

paHHOro noteHuiany (y 2 pasn) Ta reHepadii pisHa ADOK y JIMK
(y 4 pasu) xsopux Ha PLLUM. BucHoBok: OTprMaHO nonepeaHi
[aHi, SKi cBig4aTh NPO MOPYLUEHHS perynsiuii OKMCHIOBAIbHO-
BiQHOBHMX MPOLECiB, 3CyB MPO-/aHTUOKCUOAHTHOro GanaHcy
B 6ik NPOOKCUAAHTHOI CKNaZL0BOI, L0 CYNPOBOAXYBAINCS PO3-
BUTKOM T'€HETMYHOI HecTabinbHOCTI, 30Kpema MiABULLEHHSAM
piBHS nowwkomkeHHs AHK, abepalin XxpoMocoM Ta anonToTnY-
HOi 3arnbeni nimpounTiB KPOBI y NEPBUHHUX XBOPUX Ha PLLIM.
Knro4oBi csroBa: pak UMK MaTKW, OKUCHIOBasbHUIA MeTabo-
niam, nBoHMTKOBI po3pueu OHK, xpoMmocomHi abepauii, anon-
TO3, NiMpounTn nepndepun4HOi KPOoBi.



