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ABSTRACT

Purpose of the study. To analyse free radical oxidation and antioxidant defense in patients diagnosed with early cervical
cancer (CC) before and after radical surgical treatment.

Patients and methods. Levels of diene conjugates, malondialdehyde (MDA), superoxide dismutase (SOD), catalase, glutathi-
one, glutathione-dependent enzymes, vitamins A and E were determined in 74 women under the age of 45 (48 patients those
who were at the stage of surgical treatment with a diagnosis of CC at the National Medical Research Center of Oncology in
the period 2017-2020 and 26 healthy women).

Results. Patients with early CC showed significant changes in the intensity of lipid peroxidation processes and in antioxidant
defense: elevate levels of MDA and diene conjugates, initial decline in the activity of SOD and catalase, low levels of vitamins
A and E. These results complete the understanding of the processes occurring in the body of an oncological patient at the
initial stage of tumor formation, which does not yet have an obvious clinical manifestation. After total removal of the ovaries,
most of the indicators characterizing the enzymatic link of the antioxidant system tend to normalize, while the violation of the
content of vitamins E and A (related to the non-enzymatic link of the antioxidant system) worsens.

Conclusions. Desynchronization of free radical oxidation processes with multidirectional changes in oxidation and antioxidation
in patients with early CC at the stage of radical surgical treatment should be considered from the position of hormone-reducing
surgery and a resulting complex of changes in the organs and systems of women with cancer.
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3.1.6. OHkonorus, nyyesas Tepanus
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Y MALIMEHTOK C INATHO30M «PAK LLIEAKI MATKW» 10 1 NOCJTE NPOBEEHNS
PAIUKAJIbHOTO XUPYPTUHECKOTO JIEHEHUA
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PE3IOME

Lienb uccnepoBaHus. [NpoaHannManpoBaTb COCTOSIHUE CBOGOAHOPAANKANBHOIO OKUCIIEHUSI U @HTUOKCUAAHTHOM 3aLUnTbI
y MaLMeHTOK C IMarHo30M «pak Lueiku maTku» (PLUM) paHHUX cTafuit 40 1 nocrie NpoBeAEHUs! paiMKanbHOro XMpypru-
YecKOoro NleYeHus.

MauueHTbl M MeTOAbI. MiccnenoBany ypoBeHb AMEHOBbIX KOHbBIOraToB, ManioHoBoro ananbaernga (MOA), cynepokeua-
ancmyTtasbl (COJL), kaTanasbl, FyTaTMOHa, FyTaTUOH3aBUCHUMbIX DEePMEHTOB, CoAepXXaHue BUTamMuHa A 1 E y 74 naumeHToK
B BO3PACTHOM KaTeropuu Ao 45 net (48 60/bHbIX, HAXOAMBLUUXCA Ha dTare XMpYPruyeckoro IeYeHuns ¢ guardosom PLUM
B ®I'BY «<HMWL] oHkonornu» MuHsgpasa Poccum B nepuog 2017-2020 IT. 1 26 340POBbIX XKEHLLMWH).

Pesynbratbl. Y 605bHbIX PLLM Ha HayanbHbIx CTaausix 3a60/1€BaHUS BbISIB/IEHbI CYLLLECTBEHHbIE U3MEHEHWS B UHTEHCUDUKA-
L1n peakLuii NepeKMCHOro OKUCIEHNA NMUNUAO0B U B aHTUOKCUAAHTHOM CUCTEME: MOBbILLEHHbIV ypoBeHb MIOA 1 AEHOBbLIX
KOHBIOraToOB, UCXOAHOE CHMXeHMe akTuBHocTM COJl n kaTanasbl, HU3KUe nokasaTtenv ButamuHa E u A. [laHHble pesynbTaThl
ZOMOMHAIT NPeACTaBNeHNs O NpoLeccaX, NMPOUCXOASALLMX B OPraHM3Me OHKOMOrMYecKoro 60/1bHOro Ha Ha4yalbHOM aTarne
(hopMMpOBaHKA ONyxosun, KOTopas eLwé He MMeET ABHOMO KJIMHUYECKOro NposiBsieHus. MNocne ToTanbHOro yaaneHust AYHUKOB
60/bLUMHCTBO NokKasaTeseil, xapakTepu3ayoLmx hepMeHTaTUBHOE 3BEHO aHTUOKCUAAHTHON CUCTEMBI, MPOSIBNISIOT TEHAEH-
LMIO K HOpManusawuu, B TO BpeMsi Kak HapyLleHWe CoaepXaHusi BUTaMUHOB E 1 A (oTHocsiLmuxcsl K HehepMeHTaTUBHOMY
3BEHY aHTMOKCUAAHTHOMN CUCTEMbI) yCyrybnseTcs.

3aknoueHune. [1eCMHXpOHN3aLMIo MPOLLECCOB CBOGOAHOPAANKANIbHOrO OKUCIIEHUSI C pa3HOHaNpaBieHHbIMU U3MEHEHUSI-
MU MPOLLECCOB OKUCNEHUS U aHTUOKMCNEHWUS, Y 60MbHbIX PLLUM paHHMX cTafumil Ha aTane paguKaibHOro XMpypruyeckoro
NleYeHus crielyeT pacCMaTpuBaTh C MO3ULMM FOPMOHPEAYLMPYIOLLEN ONepaLyun 1 CBA3AHHOIO C HEl C/TOXKHOrO KOMIJIeKca

M3MEHEHWI B OpPraHax u CUCTEMaxX XXEHLLMH C OHKOJIOrMYECKON NaTonornen.

KntoueBble c/loBa: pak LUeiiKu MaTKU, MEPEKUCHOE OKUCIEHWE NIMMUAOB, KaTanasa, MaJloHOBbIN Auanbaerug,
CynepoKMAAUCMYTa3a, ryTaTMoH
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RELEVANCE

The incidence of cervical cancer ranks 2nd
(5.3 %) in the structure of oncogenital pathology
in Russia, after uterine cancer (8.0 %) and 5th-6th
in the structure of the entire oncopathology of the
female population [1-3]. The tendency to increase
the frequency of developing CC in women of repro-
ductive age is alarming [4; 5]. The highest mortality
rates from this pathology are recorded in the age
group of 15-39 years (21.6 %) [6]. The increase in
morbidity and mortality rates among young wom-
en diagnosed with CC [7] contributes to the active
search for diagnostic and therapeutic directions
with the effective integration of new scientific re-
search. Modern trends in surgical treatment of
oncogynecological patients are aimed at carrying
out organ-preserving operations. According to the
practical recommendations for the treatment of CC
of localized stages, i.e. IA, IB1 and 11A1-2 from 2021,
patients are shown to perform modified uterine ex-
tirpation (classification according to Piver Ill). Wom-
en diagnosed with CC under 45 years of age may
retain ovarian function [8]. However, in some cases,
if patients are not interested in preserving repro-
ductive function, as well as in compliance with the
principles of radical treatment, total removal of the
affected organ and the most likely metastatic niches
is used. Thus, the risk of implantation metastasis
in ovarian cancer, the age of the patient and con-
comitant hormonal pathology determine the scope
of the operation, i.e. extirpation of the uterus with
appendages and expanded lymphadenectomy [9].
Forced and irreversible suppression of the ovaries
leads to the formation of a pathological complex
of disorders in the patient's body, which is due not
only to the carcinolytic effects of the tumor process,
but also to hypoestrogenia with a detailed meta-
bolic picture of an artificially created menopausal
state [10]. Postovariectomy syndrome (POES) mani-
fests itself in the form of disorders of homeostasis,
metabolic processes, neuroendocrine regulation
and psychoemotional status, and is also character-
ized by changes in the state of pro- and antioxidant
systems [9]. In addition, it is known that the growth
and development of a malignant tumor, as well as
the effect and negative manifestations of antitumor
therapy largely depend on systemic disorders in
the mechanisms of regulation of redox processes.

30

During the formation of malignant transformation
and the progression of the process, pathogenetically
significant changes in the functional systems of the
body of an oncological patient are generally recog-
nized. There are results of studies where the role of
oxidative stress and imbalance of redox processes
in tumor growth is determined [11]. The activation
of free radical oxidation (FRO) processes with the
generation of activated oxygen metabolites in the
regulation of cellular programs is proven [12]. There
are studies that show significant changes in the
level of the main antioxidant enzymes and vitamins
A and E in patients with HPV (human papillomavi-
rus) — associated forms of CC [13].

In order to improve the diagnosis and identify
the patterns of development of CC, it is necessary
to further study the pathophysiological changes
occurring in the body of women of reproductive
age at the early stages of the process and as
a result of antitumor treatment. The results of
research by domestic and foreign authors indicate
that in the process of formation and progression
of a malignant tumor, there is an increased activity
of SRO with depletion of factors of the antioxidant
system of the body of an oncological patient [14].
A number of key indicators of lipid peroxidation
(LPO) and the activity of antioxidant protection
of the blood of an oncological patient are infor-
mative in assessing the extent of the prevalence
and progression of the tumor process. Long-term
experimental and clinical studies conducted
on the basis of the National Medical Research
Center of Oncology allow us to characterize the
state of redox reactions in most of the studied
oncogynecological processes, which undoubted-
ly acquires practical significance [15; 16]. Thus,
the basis of the method of treatment of patients
with a primarily unresectable form of CC, includ-
ing a combination of neoadjuvant chemotherapy
and plasmapheresis procedure, were revealed
violations among the indicators of free radical
processes in endogenous intoxication in cancer
patients at the stages of therapy [17]. At the same
time, questions remain open about the dynamics
of the indicators of LPO and the antioxidant sys-
tem in patients with early-stage CC, which may
be prognostically relevant in assessing the pro-
gression of the disease and the effectiveness of
the antitumor treatment.
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The aim of the study: to conduct a comparative
analysis of the activity indicators of free radical ox-
idation and antioxidant protection processes in the
blood of reproductive-age patients diagnosed with
early-stage cervical cancer before and after radical
surgical treatment.

PATIENTS AND METHODS

The blood parameters characterizing the state
of activity of oxidative processes and antioxidant
enzymes in 74 patients of reproductive age (up to
45 years) were studied. Of these, the main group
consisted of 48 patients diagnosed with CC, hos-
pitalized for complex treatment in the Department
of Oncogynecology of the NMRC for Oncology of
the Ministry of Health of Russia, and a compari-
son group of 26 women without oncopathology.
The criterion for inclusion in the groups of this
study was the absence of autoimmune and endo-
crine pathology, obesity, exacerbation of chronic
pathology, as well as constant medication intake.
The study was conducted with the approval of
the Ethical Committee of the institution and with
the voluntary consent of patients to use biologi-
cal material with the processing of their person-
al data for scientific purposes. The main group is
represented by patients diagnosed with CC, who
underwent modified extirpation of the uterus with
appendages (classification according to Piver Ill)
as the first stage of antitumor treatment. According
to the clinical examination, the distribution of the
stage of oncological disease (classification TNM,
2019) is presented: T, N M, in 5 patients (10.4 %),
T,,,N,M, in 7 patients (14.7 %), T,, ,N,M, in 36 pa-
tients (74.9 %). Morphological characteristics of
the tumor: squamous cell carcinoma was detected
in 40 patients (83.2 %), adenocarcinoma was diag-
nosed in 8 patients (16.8 %). A moderate degree of
differentiation was detected in 27 patients (56.2 %).
97.4 % of patients had a positive HPV test of high
carcinogenic risk. All patients of the group, in the
early postoperative period, had signs of POES to
one degree or another. The median age in the main
group was 37 years, the average age was 41.6 + 1.7,
the range was 26-45 years. The body mass index
(BMI) in the group was 23.8 + 0.16 kg/m?. Stages
of the study: before surgical treatment and the 2nd
day of the postoperative period. The comparison

PaAMKanbHOTO XMPYPruyeckoro NeyeHus

group consisted of 26 relatively healthy women,
employees of the center, comparable to the group
of patients with CC by age and BMI. The median
age is 39 years, the average age is 43.2 + 1.5, the
range is 28-45 years. The BMI in the group without
oncopathology was 23.3 + 0.4 kg/m?.

The intensity of LPO in erythrocytes and blood
plasma was determined by the indicators of diene
conjugates [18] and malondialdehyde (MDA) [19]. To
judge the state of the antioxidant system, the activ-
ity of superoxide dismutase, catalase, glutathione-
dependent enzymes, the level of glutathione [20],
the content of vitamin A and E were determined by
Chernyauskene R. Ch. method[21]. To determine
these indicators, venous blood sampling from pa-
tients was carried out from the ulnar vein, in the
morning, on an empty stomach.

Statistical results were processed using Statisti-
ka 10 programs according to the Student's criterion
for two independent samples and the nonparametric
Wilcoxon-Mann-Whitney criterion, the differences were
considered statistically significant at p < 0.05. The
samples were checked for compliance with the normal
distribution according to the Kolmogorov-Smirnov cri-
terion and the Shapiro-Wilk W-criterion. Since in most
cases the distribution was close to normal, the results
are presented in the form of M + m, where M is the
sample mean, m is the error of the mean, the median
(Me), which in all groups practically did not differ from
M, and the interquartile spread in the form of counting
the lower and upper quartiles: (Q25 and Q75).

RESEARCH RESULTS

The most informative integral indicators for as-
sessing the intensity of LPO processes in the blood
of patients are the content of primary products of
diene conjugates and malondialdehyde (Table 1).

The status of antioxidant protection in patients
with CC at the surgical stage of treatment was deter-
mined by several indicators: activity of catalase and
superoxide dismutase enzymes, the level of reduced
glutathione and glutathione-dependent enzymes (glu-
tathione peroxidase, glutathione transferase, glutathi-
one reductase). The data is shown in table 2.

Vitamin A and E levels in blood samples of CC
patients before and after the surgery was the subject
of special interest. The obtained data is brought in
the table 3.
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DISCUSSION

Malonic dialdehyde (MDA) is a secondary molec-
ular product of LPO, formed in the body due to the
reactions of ROS and polyunsaturated fatty acids.
According to modern concepts, MDA is considered
as a biological marker of changes in the system of
free radical lipid oxidation [22]. When studying the
initial activity of SEX processes in patients with a di-
agnosis of CC in comparison with healthy women,
a significant increase in MDA was recorded, in blood
plasma by 75.9 % (p = 0.002368), in erythrocytes by
59.7 % (p = 0.0108), the results are shown in Table 1.

According to our study, it was found that in pa-
tients with CC, the level of primary LPO products,
which include diene conjugates, was significantly
increased before the surgical stage of antitumor
treatment. This indicator had significant differences
with the group without oncopathology. So, in blood
plasma, the indicator exceeded the values by 4.4
times (p = 0.000011), and in erythrocytes by an av-
erage of 6.6 times (p = 0.000038). However, a sig-

nificant variation in the level of diene conjugates in
erythrocytes was detected in the group of patients
with CC, no changes were recorded in 42 % of cases,
while a 14-fold increase in indicators was observed in
58 % of cases. After surgery, the level of diene conju-
gates in the group of patients with CC had a decrease
of 5.3 times relative to the baseline level in erythro-
cytes, plasma, also recorded a decrease relative to
the group of healthy and remaining 3.6 times higher
than normal (p = 0.0033) (Table 1).

It is known that the main protective role under the
influence of oxidative stress belongs to the non-en-
zymatic link of antioxidants (glutathione, vitamins A,
E) and enzymatic antioxidants (superoxide dismutase
(SOD), glutathione peroxidase, catalase) [23]. The
results of the functioning of non-enzymatic and en-
zymatic antioxidant systems play an important role
in the regulation of carcinogenesis, including in the
processes that stimulate tumor progression, as well
as the formation of its resistance to therapy [14].

Superoxide dismutase refers to the enzymes of
the first line of defense of the antioxidant system.

Table 1. LPO indices in the blood plasma and erythrocytes in healthy women and CC patients before and after the surgery

Index

Study group

M+m

Me (Q25; Q75
(2P Healthy women,

CC patients before CC patients after

n=26 treatment, n = 48 surgery, n =48
12.476 £ 1.21 14.275 +1.424
MDA in blood plasma (nM/ml) 7o f40é§384) 11.1 (4.245; 19.85) 141 (6.51; 19.4)
: " S p = 0.002368 p = 0.000567
MDA in 1 % erythrocyte hemolysate  4.539 + 0.363 /.249 % 0‘734 7.964 £ 0‘80?
(nM/ml) 4.54(3.1: 5.651) 5.5(4.191; 7.25) 6.186 (4.409; 7.767)
' Y p =0.010766 p =0.008801
Diene conjugates in blood plasma 0.296 + 0.041 1.313 0.'1 56 1.055£0.1 ,82
(U/ml) 021 (0.19: 0.37) 0.9 (0.43; 2.29) 0.71 (0.355; 1.055)
' o p =0.000011 p =0.003255
1.192 +0.168
0.76(0.14; 2.15)
p =0.000038
Diene conjugates in 20 % 0.18+0.028 1)0.171 + 0.03 (20) 8'%1219(519'8424)
erythrocyte hemolysate (U/ml) 0.12(0.09; 0.22) 0.14 (0.1;0.19) p; - 0.000000

2)1.921 % 0.192 (28)
1.9 (1.035;2.7)
p = 0.000000

Note: statistical significance of differences from parameters in healthy women - p, from parameters in CC patients before surgery - p'.
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Superoxide radicals directly activate the reactions of
xenobiotic metabolism and prostaglandin synthesis,
participate in the expression of certain genes and
cell proliferation. A number of studies have shown
that SOD, in addition to its antioxidant role, performs
a regulatory function, while being the main link in
ensuring a constant oxygen concentration. A change
in superoxide dismutase activity can cause various
pathological processes [24]. Thus, a decrease in
the intensity of enzymatic reactions leads to in-
sufficient protection from active forms of oxygen

PaAnKanbHOro XUPYPruyeckoro neyeHus

metabolites. And an increase in the activity of SOD
contributes to the cytotoxic effect of hydrogen per-
oxide formed as a result of oxygen dismutation [14].
In our study, it was determined that the initial values
of SOD in patients with CC compared with the value
in the group of women without oncopathology had
statistically significant differences. The activity of
SOD erythrocytes in patients with CC was reduced
by 30-31 % (p = 0.000000) both before treatment
and after surgery in comparison with the "healthy"
group. A plasma study of the total activity of SOD

Table 2. Parameters of the enzymatic unit of the antioxidant defense in the blood of healthy women and CC patients before

treatment and after the surgery

Index
M+m
Me (Q25; Q75)

Study group

Healthy women,

CC patients before

CC patients after

n=26 treatment, n = 48 surgery, n =48
SOD in erythrocytes 110.79 £ 4.29 ;g?g %633"1829.8) 27332156365;51 5)
(act. U/ml) 113.95 (101.1;125.9) p = 0.000000 p = 0.000000

0.017 +0.0007

SOD in blood plasma 0.023 + 0.002 0.026 + 0.0018 0.016 (0.012; 0.02)
(act. U/ml) 0.022 (0.014; 0.032) 0.026 (0.015;0.033) p =0.000459
p'=0.000005
Catalase in erythrocytes 2673.8 £ 60.3 2093.8 £131.2 2464.6 £ 129
- 2720.5 (2500;2846.9) 2100 (1965.6;2491) 25373 (2034.8;2689)
(M H,0,/minxmg Hb) p = 0.000069 p' = 0.052306
. 52.02 + 2.91 69.62 + 6.38
Catalase in blood plasma 58.11+3.73
; 50.95 (42.01; 59.5) . 66.47 (52.22; 80.5)
(UM H,0,/min) 57.49 (46.25; 71.4) p = 0.010340
Reduced glutathione 35.81 £ 1.81 32.67 +2.88 31.01 £2.42

(UM/mg Hb)

34.97 (27.96; 43.82)

32.31(23.61;38.05)

29.86 (25.51; 40.05)

Glutathione reductase
(Iu/mg hemoglobin)

7.348+0.94
7.095 (3.47; 10.97)

6.066 + 0.758
5.28 (3.49; 7.69)

7.239 £1.053
7.385(2.385;10.23)

380.5+31.7
Glutathione peroxidase 232.9+23.7 P 2-'3”1'27'91’_ 624.7) 405.9 (307.8; 469.1)
(1U/mg hemoglobin) 218.6 (118.7; 344.4) 1.7 (317.1,624. p = 0.000440
p = 0.000005
: p' =0.095117
Glutathione transferase 69.97 £+ 5.29 61.35+3.88 61.15+4.47

(Iu/mg hemoglobin)

64.02 (49.03; 77.18)

59.2 (52.74; 68.45)

58.95(54.18; 70.42)

Note: statistical significance of differences from indices in healthy women - p, from indices in CC patients before surgery — p'.
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revealed a decrease in patients with CC after surgery
by 26.1-34.6 % (p < 0.001) compared with healthy
women and the indicator for CC before treatment
(Table 2).

Catalase is the main components of the first line
of antioxidant protection, which, being an enzyme
coupled with superoxide dismutase, decomposes
hydrogen peroxide formed during the dismutation of
the superoxide radical. The maximum accumulation
of the enzyme was registered in erythrocytes. In the
interstitial fluid of the body, catalase has no long-term
activity, which is explained by the result of the action
of proteolytic enzymes. It is believed that outside

of erythrocytes, the enzyme does not have an obvi-
ous protective function. At the same time, a number
of pathological conditions with the manifestation
of the inflammatory process are characterized by
an increased content of catalase, which provokes
a decrease in the intensity of oxidation processes of
functionally important structures [12]. In our study,
catalase activity was analyzed in healthy patients
and in patients with CC. Thus, in patients with CC,
we revealed an initial decrease in catalase activity
in erythrocytes by 21.9 % compared with the group
of healthy women (p < 0.001) and an increase in in-
dicators, and in plasma in the early postoperative

Table 3. Levels of vitamins E and A in the blood plasma and erythrocytes in healthy women and CC patients before treatment

and after the surgery

Study group
Index
M+m
Me (Q25; Q75) Healthy women, CC patients before CC patients after surgery,
n=26 treatment, n = 48 n=48
0.462 +0.037
0.266 + 0.022 .
Vitamin E (erythrocytes) (U/ml) 0.177 £ 0'91 0 0.22(0.17;0.37) 0"_170 (0.20;0.73)
0.15(0.14;0.19) = 0.002497 p =0.000000
p=0. p' = 0.000010
0.346 +0.034
0.274 +0.019
. . 0.474 £0.011 . 0.34 (0.22; 0.47)
Vitamin E (plasma) (U/ml) 0.465 (0.44; 0.54) 0.370(8610%00636) p = 0.003036
p=0. p' = 0.057561
0.109 £ 0.010
. . 0.212+0.010 0.219 £ 0.022 0.115(0.07; 0.15)
Vitamin A (erythrocytes) (U/ml) 0.20 (0.19; 0.26) 0.13 (0.12; 0.40) p = 0.000000
p' =0.000026
0.104 £ 0.020
0.252 +0.023
o 0.759 +0.022 , 0.075 (0.05; 0.1)
Vitamin A (plasma) (U/ml) 0.78 (0.62; 0.87) 0.31000(80102050, 0.37) p = 0.000000
p=2. p' = 0.000007
4903 £0.519
1.461 1+ 0.131
. 0.978 +0.122 . 3.286 (2.9; 6.635)
E/A coefficient (erythrocytes) 0.70 (0.538; 0.95) 15_5%(8142%5061 .923) p = 0.000000
p=0. p' = 0.000000
6.013 £+ 0.807 4.915+0.390
E/A coefficient (plasma) 8'225(5 &98771) 4.00 (3.00; 8.00) 5.00 (3.30; 5.80)
’ o p =0.000000 p =0.000000
1.382 £ 0.097
0.946 + 0.074
. . . 0.383 £+ 0.0285 . 1.353 (1.00; 1.851)
Erythrocytes/plasma vitamin A ratio 0.333 (0.295; 0.422) 0?%10(8(.)5010%1 .375) p = 0.000000
p=0. p' = 0.098750
1.496 + 0.097
1.139 £ 0.107
. . . 0.284 +0.014 . 1.7958 (1.00; 2.00)
Erythrocytes/plasma vitamin E ratio 0.321 (0.227; 0.333) 1.9%(863(‘)3(‘)3802.00) p = 0.000000
p=0. p' = 0.016233

Note: statistical significance of differences from indices in healthy women - p, from indices in CC patients before surgery - p'.
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period by 24.4 % (p = 0.01) (Table 2). This suggests
the release of an insignificant amount of the enzyme
from erythrocytes into the blood plasma due to the
possible destabilization of the membranes of blood
cells as a result of surgical exposure.

The study of the indicators of glutathione and
glutathione-dependent enzymes in the blood of pa-
tients with CC allows us to determine the activity of
this line of the antioxidant system, with a possible
prognosis of the course of cancer. Being an active
link in the mechanism of the cellular antioxidant
defense system, glutathione is considered as one
of the main components in the pathophysiology of
cancer [12]. The reduced form of glutathione in the
form of tripeptide — Lyglutamyl-Lcysteinylglycine is
present in cells of various types. In this compound,
the presence of a sulfhydryl group and a gamma-
glutamyl bond, being an electron donor, collectively
determines the functions of glutathione as a reducing
agent of nucleic acids, protein molecules and lipids.
This property of the chemical compound makes it
possible to significantly reduce the level of ROS in
non-enzymatic and enzymatic reactions. Intracellular
imbalance of reduced and oxidized glutathione is
observed in a number of pathologies, including the
development of a malignant process [25]. The data
obtained by us on the content of glutathione in the
studied groups did not reveal statistical differences,
although its level was slightly lower in patients with
CC before and after surgery. A comparative analysis
of glutathione-dependent enzymes revealed certain
changes. Thus, the activity of glutathione peroxidase
(GPO) in patients with CC significantly exceeded the
level in the group of women without oncopathology
by 102.9 % (p = 0.0002). After surgery, the trend did
not change, the GPO indicators in patients with CC
remained elevated by 63.4 % (p = 0.003) relative to
healthy women. The study of the dynamics of gluta-
thione reductase and glutathione transferase indices,
significant changes in the group of patients with CC
compared with the group of healthy ones did not
reveal (Table 2).

Thus, in the group of patients with CC, before the
start of treatment, there was a more than twofold in-
crease in the activity of GPO against the background
of a statistically significant decrease in catalase ac-
tivity in erythrocytes, which indicated a switch in the
decomposition of hydrogen peroxide and organic
hydroperoxides to non-toxic metabolites from the

PaAMKanbHOTO XMPYPruyeckoro NeyeHus

catalase pathway to the glutathione peroxidase path-
way. After surgery, there was a partial restoration of
the ratio between catalase and GPO, characteristic
of women without oncopathology: the catalase/ GPO
ratio was normal 11.5; in patients with CC before
surgery 4.4; in patients with CC after surgery 6.5.

It should be borne in mind that glutathione-
dependent enzymes perform an antioxidant func-
tion and are triggers in the regulation of peroxidation
mechanisms. It is fair to note that the role of some
enzymes in the formation of the malignant process
is not unambiguous. Organic hydroperoxides are me-
diators of most physiological processes, actively
participating in the regulation of cell proliferation and
apoptosis. There are publications on the role of the
enzyme glutathione peroxidase with the detection of
its activation in squamous cell carcinoma cells and
in lung adenocarcinoma [16].

It is known that the lack of vitamin E in the body
leads to the destabilization of cell membranes,
which leads to the breakdown of unsaturated fatty
acids, as well as to a violation of their protein com-
position. Another equally effective antioxidant is
vitamin A, which on the one hand interacts with free
radicals, and on the other hand provides a constant
level of vitamin E, thereby contributing to its anti-
oxidant effect [14]. Prior to the start of antitumor
treatment in the blood plasma of patients with CC,
the initial values of vitamin E and A in comparison
with the group of conditionally healthy were reduced
by 41.9 % and by 74.4 % (p = 0.000000). The con-
tent of vitamin E in erythrocytes was increased by
50.3 % (p = 0.0025), and no significant changes were
found for vitamin A. In the postoperative period, an
increase in vitamin E indices was recorded in the
erythrocytes of patients with CC by 2.7 times rela-
tive to women without pathology and by 1.8 times
relative to the baseline level (p = 0.000000), while
a decrease in the content of vitamin E in plasma was
observed — by 27 % (p = 0.0030) relative to healthy.
The level of vitamin A was reduced both in eryth-
rocytes by 1.9 times and in plasma by 2.4 times
(p = 0.000000) relative to healthy and by 2 and 2.4
times relative to the indicators before treatment (p <
0.0001). According to the results obtained, which
generally do not contradict the literature data [26],
the content of vitamin E in patients with CC is initial-
ly reduced only in blood plasma. At the same time,
the values of the ratio of vitamins E and A (E/A) in
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patients with CC of reproductive age before the start
of antitumor treatment were statistically significant-
ly increased relative to those in healthy women,
with an increase in red blood cells by 1.6 times (p =
0.015) and 9.5 times (p = 0.011) in blood plasma.
Data on changes in the E/A coefficient in oncogy-
necological patients are consistent with the results
of previously published data. Thus, in the publica-
tion of E. M. Franzyants (1995), an increase of 2-5
times in the E/A coefficient in blood cells in patients
with different tumor localization in the dynamics of
radiation therapy was shown. When analyzing the
results of the erythrocyte/plasma ratio (the ratio of
the level of vitamins in erythrocytes to their plasma
content), we revealed a significant increase in this
coefficient for both vitamins relative to the values
in healthy women, before surgery, the increase in
the erythrocyte/plasma ratio for vitamin A was 2.5
times, for vitamin E 4 times (p = 0.000000). After
the operation, a similar pattern was observed - the
ratio of vitamins E and A in patients with CC ex-
ceeded 5.3 times in red blood cells, and in blood
plasma by 7.7 times relative to the indicators in
healthy women. The erythrocyte/plasma ratio in
patients diagnosed with CC in the postoperative
period had a statistically significant increase. The
increase for vitamin E was 5.1 times, for vitamin
A — 3.8 times (p < 0.0001). These changes in the
erythrocyte/plasma coefficients for vitamins E and
A were regarded by us as a manifestation of hyper-
polarization of erythrocyte membranes in cancer
patients diagnosed with CC. According to the litera-
ture, a recorded increase in the erythrocyte/plasma
coefficients for vitamins A and E was described in

patients with CC during chemotherapeutic exposure
with no obvious clinical effect, which indicated the
destabilization of erythrocyte membranes in this
category of oncogynecological patients compared
with a pronounced antitumor effect in patients with
CC [26].

CONCLUSION

As a result of the study, it was found that in pa-
tients with CC at the initial stages of the disease,
significant changes were detected in the intensity of
the processes of LPO and in the antioxidant system.
We found a significant increase in the level of MDA
and diene conjugates, a decrease in the activity of
SOD and catalase, at the same time, increased initial
activity of GPO, as well as low levels of vitamin E
and A. Undoubtedly, these results complement the
understanding of the processes occurring in the body
of an oncological patient at the initial stage of tumor
formation, which does not yet have an obvious clini-
cal manifestation. After total removal of the ovaries,
most of the indicators characterizing the enzymatic
link of the antioxidant system tend to normalize, while
the violation of the content of vitamins E and A (relat-
ed to the non-enzymatic link of the antioxidant sys-
tem) worsens. Desynchronization of the processes of
free radical oxidation with multidirectional changes
in the processes of oxidation and antioxidation in
patients with early-stage CC at the stage of radical
surgical treatment should be considered from the
perspective of hormone-reducing surgery and the
associated complex of changes in the organs and
systems of women.
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