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Introduction. Lung cancer ranks 
first in the structure of cancer incidence 
worldwide [27]. This disease has one of 
the lowest rates of 5-year survival among 
oncopathologies [27]. Lung cancer is 
a multifactorial disease, in the develop-
ment of which both exogenous (smoking, 
asbestos, radon, arsenic, nickel, cadmi-
um, chromium, polycyclic aromatic hy-
drocarbons, chloromethyl ether, smoke 
from wood fuel, climatic factors, etc.) and 
endogenous (chronic diseases, heredi-
tary predisposition, age hormonal shifts) 
factors play a significant role [21,26]. It 
should be noted that smoking is one of 
the most significant risk factors for the 
development of lung cancer [5]. Accord-
ing to Bade BC, Dela Cruz CS, 2020, if 
we examine lung cancer in people who 
have never smoked, then this disease 
would rank seventh in the world among 
oncopathologies [6].

According to many domestic and for-

eign authors, the initiation of free rad-
ical reactions plays an important role in 
the development of lung cancer [2,3,4]. 
Many of these exogenous and endoge-
nous factors stimulate the development 
of oxidative stress in lung tissue. It should 
be noted that unlike other organs, due to 
anatomical and physiological character-
istics, the lung is directly affected by a 
powerful oxidizer – oxygen. 

Lung tissues have a fairly powerful 
protective system (antioxidant system) 
that suppresses the development of oxi-
dative stress, the main link of which is the 
glutathione system. Glutathione is an in-
tracellular tripeptide, which, in addition to 
antioxidant protection, performs a large 
number of important functions: partici-
pates in the detoxification of xenobiotics 
[1], promotes repair of damaged DNA [7]; 
provides active amino acid transport [23]; 
participates in the modulation of the im-
mune response [20]; regulates the redox 
status of the cell [19], etc. Glutathione is 
a key coenzyme of enzymes (glutathi-
one peroxidase, glutathione reductase, 
glutathione transferase) included in the 
glutathione system. The functioning of 
enzymes: glutathione peroxidase (an en-
zyme involved in the utilization of lipoper-
oxides and hydrogen peroxide) and glu-
tathione transferase (an enzyme involved 
in the detoxification of electrophilic xeno-
biotics) depends on the immediate con-
centration of the reduced form of glutathi-
one. The main pool of the reduced form 
of glutathione is supported by glutathione 
reductase. Information on the role of the 
glutathione system and lipid peroxida-
tion, depending on the stage of the dis-
ease and the development of various his-

tological forms of lung cancer, is scarce.
In this regard, the purpose of this study 

was to assess the state of the glutathione 
system and lipid peroxidation in the blood 
of lung cancer patients, depending on the 
histological type of tumor.

Material and methods. This work 
was carried out in 2024 on the premis-
es of the Department of Epidemiology 
of Chronic Noncommunicable Diseases 
of the Yakut Science Centre of Complex 
Medical Problems in cooperation with the 
Yakut Republican Oncology Centre. In 
the study, 100 people with lung cancer 
were examined. The general characteris-
tics of the patients are shown in Table 1.

The protocol of the study was ap-
proved by the local Committee on Bio-
medical Ethics at the Yakut Science Cen-
tre of Complex Medical Problems No. 52 
dated 03/24/2021, decision 1.

The control group was selected based 
on age, gender and ethnicity. It included 
60 volunteers, selected based on age. 
The main criterion for selection to the 
control group was the absence of any on-
cological diseases.

The study material was venous blood, 
which was taken on an empty stomach 
from the ulnar vein. The intensity of free 
radical lipid oxidation was determined by 
spectrophotometric methods based on 
the accumulation of TBK-active products 
in blood serum (TBK-AP) [11]. The follow-
ing indicators of the glutathione system 
were determined in the hemolysate of red 
blood cells: glutathione peroxidase ac-
tivity [17], glutathione reductase activity 
[10], glutathione transferase activity [14], 
reduced glutathione level [29]. The he-
molysate of red blood cells was prepared 

GLUTATHIONE AND LIPID PEROXIDATION 
LEVELS IN THE BLOOD OF LUNG CANCER 
PATIENTS

Lung cancer is one of the most commonly diagnosed malignant tumors worldwide and is characterized by high mortality. Lipid peroxidation plays 
a very important role in the development and progression of lung cancer. In this regard, the purpose of this study was to evaluate the status of lipid 
peroxidation and the glutathione system in patients with lung cancer depending on the histological form and stage of the disease.

In this work, 100 people with lung cancer with various histological forms and stages of the disease were examined. The intensity of free radical 
oxidation of lipids was assessed by the accumulation of malondialdehyde. The indicators of the glutathione system were assessed by the con-
centration of the reduced form of glutathione and the activity of enzymes: glutathione peroxidase, glutathione reductase, glutathione transferase.

Our data indicate that as the clinical stage of lung cancer develops, the level of lipid peroxidation increases, against the background of inhibition 
of the glutathione system (decreased glutathione reductase activity). Higher levels of malondialdehyde in patients with adenocarcinoma suggest 
that tumor development may be more closely related to oxidative stress.

Keywords: lipid peroxidation, antioxidant protection, lung cancer, adenocarcinoma, squamous cell carcinoma, large cell carcinoma, small cell 
lung cancer.

UDC 577.1

DOI 10.25789/YMJ.2024.86.07

RUMYANTSEV Egor Konstantinovich – ju-
nior researcher, Arctic Medical Center, Yakut 
Science Centre for Complex Medical Prob-
lems, Yakutsk, e-mail: tzeentch1993@mail.
ru, https://orcid.org/0000-0001-9843-3098; 
TOMTOSOVA Eugenia Viktorovna – junior 
researcher, Epidemiology of Chronic Non-In-
fectious Diseases Department, Yakut Sci-
ence Centre of Complex Medical Problems, 
Yakutsk, e-mail: ytomtosova@mail.ru, https://
orcid.org/0000-0002-9037-9266; NIKOLAEV 
Vyacheslav Mikhailovich – PhD in Biology, 
senior researcher, Epidemiology of Chronic 
Non-Infectious Diseases Department, Yakut 
Science Centre of Complex Medical Prob-
lems, Yakutsk, e-mail: Nikolaev1126@mail.ru, 
https://orcid.org/0000-0003-4490-8910



2’ 2024 31

by diluting the purified erythrocyte mass 
with distilled water in a ratio of 1* 20.

Statistical processing of the obtained 
data was carried out using the SPSS 23 
statistical software package for Windows.  
Standard methods of variational statistics 
were used: calculation of means, stan-
dard errors, 95% confidence interval. 
The distribution of the sample for "nor-
mality" was evaluated using the Kolm-
ogorov-Smirnov single-sample criterion. 
The reliability of the differences between 
the means was assessed with a normal 
"distribution" using the Student's t crite-
rion for independent samples, and with 
a different from the "normal" distribution 
using the Mann-Whitney criterion. The 

Brief description of the examined patients

Histological forms of 
lung cancer

Small cell lung 
cancer, n Adenocarcinoma, n Squamous cell lung 

cancer, n 

All (n) 18 26 50

Sex
M 10 22 42
F 8 4 8

Age 67.000±1.527 64.600±1.080 66.666±2.677
St

ag
e 

First 0 2 2
Second 0 4 6
Third 4 10 24
Fourth 14 10 18

The level of indicators of the glutathione and malondialdehyde system in patients with lung cancer and those without oncopathology

Groups Control group (n=60)
Больные с онкопатологией легких

Stage 1 (n=4) Stage 2 (n=12) Stage 3 (n=40) Stage 4 (n=44)
GPx U/ml 10.169±0.496 12.065±1.735 9.628±0.1529 11.605±1.103 11.385±1.001
GR U/ml 11.821±0.883 4.548±0.576 2.935±0.744* 3.024±0.342*.** 4.179±0.570*.***.****
GST U/ml 4.050±0.066 1.488±0.504 1.705±0.265* 2.058±0.197* 1.931±0.225*

GSH mcmol/L 2.285±0.072 2.965±0.206 2.704±0.199 2.205±0.365 2.148±0.404
MDA mcmol/l 1.109±0.067 1.999±0.123 2.127±0.136* 2.748±0.249*.** 2.846±0.239*.***

Note: * p<0.05 compared with the control group; ** p<0.05 compared with patients of stages 2 and 3; *** p<0.05 compared with patients of 
stages 2 and 4; **** p<0.05 compared with patients of stages 3 and 4.

Table 1

Table 2

Indicators of the glutathione system and the level of malondialdehyde, depending on the histological form
of lung cancer 1-2 stages of the disease  

Histological form GPx  U/ml GR U/ml GST U/ml GSH mcmol/L MDA mcmol/l
Adenocarcinoma (n=6) 9.955±2.034 2.628±0.214 1.309±0.446 2.4233±0.303 1.958±0.198

Squamous cell lung cancer (n=8) 11.528±1.701 3.577±1.020 1.835±0.278 2.207±0.539 1.944±0.116
Small cell lung cancer (n=0) - - - - -

Indicators of the glutathione system and the level of malondialdehyde, depending on the histological form of lung cancer,
stages 3-4 of the disease 

Histological form Control group
(n=60)

Adenocarcinoma
(n=20)

Squamous cell lung cancer 
(n=42)

Small cell lung cancer 
(n=18)

GPx U/ml 10.169±0.496 11.335±1.474 12.068±0.969 11.418±1.988
GR U/ml 11.821±0.883 5.218±1.096 * 4.164±0.555 * 4.324±0.554 *
GST U/ml 4.050±0.066 1.808±0.202 * 1.889±0.205 * 2.441±0.234*.**

GSH mcmol/L 2.285±0.072 2.730±0.332 2.900±0.208 * 2.885±0.283 *
MDA mcmol/l 1.109±0.067 2.913±0.051 * 2.593±0.316 * 2.295±0.205*.***

Note: * p<0.05 compared with the control group; ** p<0.05 compared with adenocarcinoma and squamous cell carcinoma; *** p<0.05 
compared with adenocarcinoma.

Table 4

Table 3
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data in the Tables are presented in the 
form M±m, where M is the mean, m is the 
error of the mean. The probability of va-
lidity of the null hypothesis was assumed 
at p<0.05.

Results and discussion. Accord-
ing to the data obtained, the concen-
trations of malondialdehyde and re-
duced glutathione in the blood of lung 
cancer patients were 1.9 times higher, 
p=0.010 (2.187±0.091mmol/l) and 1.2 
times (2.122±1.332mmol/l), compared 
with people without cancer. The ac-
tivity of glutathione peroxidase in the 
blood of patients was 1.1 times higher 
(11.290±0.647U/ml), and the activity of 
glutathione reductase and glutathione 
transferase were significantly lower by 
2.8, p=0.000 (4.131±0.354U/ml) and 2.1, 
p=0.001 (1.937±0.131U/ml) times, re-
spectively. 

The data obtained by us indicate an 
intensification of free radical processes 
in the body of patients with lung cancer, 
as indicated by an increase in the level 
of the final product of lipid peroxidation 
– malondialdehyde and, considering the 
inhibition of the glutathione system, a 
decrease in the activity of glutathione re-
ductase, which is consistent with literary 
sources [18].

The values of the biochemical param-
eters taken into account by us in patients, 
depending on the severity and in relative-
ly healthy individuals who do not have 
cancer, are presented in Table 2.

The data obtained indicates that in the 
blood of patients with lung cancer, even 
in patients where the cancer is in its ini-
tial stage, the indicators of glutathione 
transferase and glutathione reductase 
activity, as well as the concentration of 
malondialdehyde, significantly changed 
compared with those without cancer. 
Although the indicators we take into ac-
count are not specific to this pathology, 
they can probably be used as additional 
indicators of prognostic value for early 
diagnosis of lung cancer. However, ad-
ditional research is needed to confirm 
these results.

Histologically, lung cancer is divided 
into two groups: small cell carcinoma 
and non-small cell carcinoma. Non-small 
cell lung cancer can be divided into three 
histological forms: adenocarcinoma, 
squamous cell carcinoma and large cell 
carcinoma [30]. The level of biochemical 
parameters, taking into account the histo-
logical form and severity of the disease, 
is presented in Tables 3 and 4.

Due to the fact that lung cancer is very 
difficult to detect in its early stages, there 
isn't enough stage 1-2 patients to judge 
the statistical significance of differences 

in groups with various histological forms 
of this pathology.

In the analysis of patients with cancer 
stages 3-4, significant differences in the 
activity of glutathione reductase, gluta-
thione transferase and malondialdehyde 
concentrations were revealed between 
lung cancer patients with different histo-
logical types and the control group (Table 
4). The average value of malondialde-
hyde in patients with small cell lung can-
cer was 1.3 times lower than in patients 
with adenocarcinoma. In patients with 
small cell carcinoma, the activity of glu-
tathione transferase was 1.3 times higher 
than in the group of patients with adeno-
carcinoma and squamous cell lung can-
cer. There were no statistically significant 
differences in other biochemical parame-
ters between different histological forms 
of lung cancer.

Studies by previous authors indicated 
that the concentration of malondialde-
hyde increases in the blood of patients 
with lung cancer [18,28]. Some authors 
claim that an increase in lipid peroxida-
tion is associated with clinical tumor pro-
gression [13,25]. The data obtained by 
us are consistent with the fact that as the 
stage of lung cancer increases, there is 
an increase in lipoperoxide processes in 
patients. However, in the study by Xiang 
M, Feng J, Geng L, 2019, the authors 
found no significant differences in the lev-
els of total oxidant status and oxidative 
stress index. [31]

There are conflicting data on antiox-
idant protection in patients with onco-
pathology, some claim activation of the 
antioxidant system [9,15], other authors 
report a decrease in antioxidant protec-
tion [22,24]. Our study showed that there 
is no significant change in the level of the 
reduced form of glutathione in the blood 
of lung cancer patients, however, there 
is an inhibition of the glutathione system 
due to a decrease in the activity of the 
enzyme that restores glutathione from its 
oxidized form – glutathione reductase. 
We also noted a significant decrease in 
the activity of glutathione transferase. 
Depending on the stage of lung cancer, 
we noted a significant increase in the 
level of reduced glutathione in its initial 
stage by 1.3 times. 

Conclusion. In conclusion, the avail-
able data indicate that as the clinical 
stage of lung cancer develops, during 
inhibition of the activity of the enzyme 
glutathione reductase, the level of lipid 
peroxidation increases. The higher level 
of malondialdehyde in patients with ad-
enocarcinoma suggests that oxidative 
stress plays a fairly important role in the 
development of this tumor.
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