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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. Aim: 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  
T1–4N0–1M0–1, and PBL were routinely isolated. The oxidative metabolism (mitochondrial trans-membrane potential, superoxide 
anion radical (О2

•) 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 О2

• 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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blood lymphocytes.
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Cervical cancer (CC) is the fourth-most common 
cancer in women by incidence and mortality and pres-
ents a global healthcare concern among the female 
population both in Ukraine and in the world, especially 
among women 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 

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, an important approach in research is 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 b eginning 
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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 therapeutic irradiation 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]. A number 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 СС [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 (О2

•), hydrogen perox-
ide (H2O2) and hydroxyl radical (ОН•). 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 
consent to 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, 8th 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, 
TNM

T1N0M0 51.5 4 30.7
T1N1M0 65.0 1 7.7
T2N0M0 60.0 3 23.1
T2N1M0 38.7 3 23.1
T3N0M0 53.0 1 7.7
T4N1M1 30.0 1 7.7

Differentiation grade, G G2 52.7 7 53.8
G3 46.8 6 46.2

Peripheral blood was sampled in the standard ster-
ile 6 ml Vacutainer tubes with Li-heparin anticoagulant 
(F.L. 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 at 4 °C up to 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 (λex = 485 nm, λem = 528 nm and 
λex = 485 nm, λem = 590 nm) were performed using 
a Sinergy HT plate reader (USA). The wells contained 
100 μl of lymphocyte suspension (50,000 cells) 
stained with JC-1 (20–25 min) and twice washed 
with PBS. Control wells contained 100 μl of intact 
cells. The  level of MTP was calculated as the  ratio 
of the intensity of red (λem = 590 nm) and green (λem 
= 528 nm) fluorescence of cells (590 nm/528 nm).

The intensity of О2
• 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 (λex = 
485 nm, λem = 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/103 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 Н2О2-induced 
chemiluminescence on the AutoLumat LB 953 [26, 29]. 
The total amount of light emitted in 3 min of the reac-
tion (puls·103/180 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 О2

• which can transform into other free 
radical forms.

The intensity of О2
• generation in PBL of CC patients 

was increased as compared to healthy individuals 
(Table 2). The average value of О2

• generation in PBL 
of the patients was 1.55 times (р ≤ 0.05) higher than 
in the  control group. The  analysis of the  PAR also 
revealed a significant increase 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,
 M ± m

Healthy individuals, 
M ± m

О2
•, puls/72s

(min–max)
1186.36 ± 94.08*

(742.67–3109.00)
767.20 ± 39.80

(488–1390)
PAR, puls·103/180s

(min–max)
24.48 ± 2.09*

(9.55–56.10)
17.34 ± 0.73
(6.92–31.11)

MTP, 590 nm/528 nm
(min–max)

8.051 ± 1.760*

(2.658–26.634)
16.674 ± 3.680
(3.324–45.636)

ROS, mM/103 cells/h
(min–max)

6.010 ± 0.493*

(2.507–9.770)
24.119 ± 3.611
(5.319–64.307)

SH-groups, mM
 (min–max)

0.31 ± 0.03*

(0.23–0.54)
0.50 ± 0.01
(0.33–0.74)

Notes: *significant difference compared to healthy individuals, р ≤ 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 О2
• 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 a low level of MTP caused by increased 
ROS production. Its persistent decrease may indicate 
disorder of the electron transport chain [36]. A reduced 
level of MTP and an increased intensity of ROS forma-
tion in the 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 
in the MTP and low production of ROS in the PBL of ex-
amined СС patients may be associated with redistribu-
tion in the formation of free radical forms. Yet, we have 
seen an increased formation (1.5 times) of comparably 
more destructive ROS such as О2

• 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. This is 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 
changes in 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,  
M ± m

Healthy individuals, 
M ± m

DNA-DSB,%
(min–max)

8.65 ± 1.11*

(3.90–14.87)
4.08 ± 0.65
(1.66–6.47)

Apoptosis, %
(min–max)

6.90 ± 0.43*

(2.15–8.63)
1.97 ± 0.16
(1.24–4.53)

Notes:*significant difference relative to healthy individuals, р ≤ 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 О2

• 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 b ackground 
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

Cytogenetic indicators Patients with CC,% 
per 100 cells, M ± m

Healthy individuals, 
M ± m

Frequency of cells with chro-
mosome aberrations

7.08 ± 0.84* 1.81 ± 0.24

Total frequency of chromo-
some aberrations

7.84 ± 0.91* 1.81 ± 0.24

Frequency of chromatid type 
aberrations

5.22 ± 0.60* 1.14 ± 0.24

Frequency of chromosomal 
type aberrations

2.61 ± 0.20* 0.67 ± 0.24

Dicentrics 0.16 ± 0.10 0
Fragments 1.01 ± 0.10 0.67 ± 0.24
Notes:*significant difference relative to healthy individuals, р ≤ 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 an individual risk of post-radiation 
complications in 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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ОСОБЛИВОСТІ ОКИСНОГО МЕТАБОЛІЗМУ 
ТА ГЕНЕТИЧНІ ПОРУШЕННЯ У ЛІМФОЦИТАХ 
ПЕРИФЕРІЙНОЇ КРОВІ ПЕРВИННИХ ХВОРИХ 

НА РАК ШИЙКИ МАТКИ

В.М. Михайленко1, Е.А. Дьоміна1, В.С. Іванкова2, 
Л.І. Маковецька1, О.А. Главін1, Т.В. Хруленко2

1Інститут експериментальної патології, онкології і радіобіології 
ім. Р.Є. Кавецького НАН України, Київ 03022, Україна

2Національний інститут раку МОЗ України, Київ 03022, Україна

Стан питання: Рак шийки матки (РШМ), одне з найпоши-
реніших онкологічних захворювань у  жінок, є глобальним 
викликом для системи охорони здоров’я як в  Україні, так 
і у  світі. Основним методом лікування пацієнток з місце-
во-поширеним РШМ є поєднана хіміо- та променева те-
рапія, що може призвести до побічних ефектів у здорових 
клітинах та тканинах організму і, як наслідок, зниження 
ефективності лікування та якості життя хворих. Оцінка рів-
ня пошкодження здорових радіочутливих клітин з оточен-
ня пухлини перед лікуванням є важливою для прогнозу та 
запобігання віддаленим наслідкам дії радіації. Мета: До-
слідити окиснювальний метаболізм і генетичні порушення 
у  лімфоцитах периферичної крові (ЛПК) первинних хво-
рих на  РШМ для оцінки можливості прогнозування про-
меневих ускладнень на  основі молекулярно-біологічних 
властивостей радіочутливих клітин крові. Матеріали та 
методи: Зразки периферичної крові 13 первинних хворих 
на  РШМ T1–4N0–1M0–1 використовували для виділення лім-
фоцитів та плазми і проведення комплексного досліджен-
ня окисного метаболізму (визначення мітохондріального 
трансмембранного потенціалу, супероксид аніон-радикалу 
(О2

•), продукції активних форм кисню в ЛПК, а також рівня 
SH-груп у  плазмі та про-/антиоксидантного співвідно-
шення у  гемолізатах). Розвиток генетичної нестабільності 
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оцінювали шляхом визначення двониткових пошкоджень 
ДНК, частоти і спектру хромосомних аберацій та апоптозу 
в ЛПК. Результати: У крові хворих на РШМ виявлено ви-
ражене підвищення інтенсивності генерації О2

• (1,5 раза), 
зменшення вмісту SH-груп (1,6 раза) та зсув про-/анти-
оксидантного балансу (1,4 раза) у  бік прооксидантного 
компонента порівняно зі  здоровими особами. Виявлені 
зміни, що пов’язані з розвитком оксидативного стресу, 
супроводжувалися підвищенням рівня двониткових розри-
вів ДНК (у 2,1 раза), апоптозу (у 3,5 раза) і частоти клітин 
з хромосомними абераціями (у 3,9 раза). Паралельно було 
виявлено значне зниження мітохондріального трансмемб-

ранного потенціалу (у 2 рази) та генерації рівня АФК у ЛПК 
(у 4 рази) хворих на РШМ. Висновок: Отримано попередні 
дані, які  свідчать про  порушення регуляції окиснювально-
відновних процесів, зсув про-/антиоксидантного балансу 
в бік прооксидантної складової, що супроводжувалися роз-
витком генетичної нестабільності, зокрема підвищенням 
рівня пошкодження ДНК, аберацій хромосом та апоптотич-
ної загибелі лімфоцитів крові у первинних хворих на РШМ.
Ключові слова: рак шийки матки, окиснювальний метабо-
лізм, двониткові розриви ДНК, хромосомні аберації, апоп-
тоз, лімфоцити периферичної крові.

Copyright © Experimental Oncology, 2022


