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It is known that 1,4-naphthoquinone derivatives form the basis of a wide range of pharmaceuticals with  
diverse biological activities. A newly synthesized compound of  this group – 11-(furan-2-yl)-9-hydroxy-3,11-
dihydro-2H-benzo[6,7]thiochromeno[2,3-d]thiazole-2,5,10-trione, designated by Les-6400 laboratory code, 
is noteworthy for its drug-like properties. The aim of the study was to determine the  parameters of glutathione 
antioxidant system in isolated human peripheral blood lymphocytes treated with Les-6400. Saponin-perme-
abilized lymphocytes from the blood samples of healthy male volunteers aged 20–44 years were used in the 
study. A significant dose-dependent increase in the lipid peroxidation process was observed upon lymphocytes 
exposure to Les-6400  at concentrations of 10–5–10–3 M. At the concentrations studied no effect of Les-6400 on 
GSH level was observed, while in the 10–4–10–3 M concentration range  the activity of glutathione antioxidant 
enzymes was markedly affected: the activity of both glutathione peroxidase and  glutathione reductase was 
increased, while that of glutathione-S-transferase was  reduced. Thus, Les-6400 had a pronounced effect on 
the pro/antioxidant status of blood lymphocytes.

K e y w o r d s: 1,4-naphthoquinone derivative, lymphocytes, lipid peroxidation, glutathione peroxidase, glu-
tathione reductase,  glutathione-S-transferase.

Derivatives of 1,4-naphthoquinone represent 
an important class of biologically active 
compounds that have attracted considerable 

attention due to their wide range of applications in 
medicine and pharmacy. It is well established that 
derivatives based on 1,4-naphthoquinone form the 
structural basis of numerous pharmaceuticals and 
biologically active compounds with diverse biologi-
cal activities [1]. In this regard, particular interest 
has been directed toward a newly synthesized com-
pound of this group  – 11-(furan-2-yl)-9-hydroxy-
3,11-dihydro-2H-benzo[6,7]thiochromeno[2,3-d]
thiazole-2,5,10-trione, referred to by the laboratory 
code Les-6400, due to its drug-like characteristics, 
especially its impact on the cellular pro-/antioxidant 
system. Comprehensive studies of its physicochemi-
cal properties, pharmacokinetic profile, drug-like-
ness parameters, and in silico modeling of antitumor 
activity mechanisms have revealed significant thera-
peutic potential of Les-6400 [2].

However, there is a lack of studies focused on 
elucidating the detailed mechanisms underlying 
the biological activity of this class of compounds. 
One of the primary mechanisms of cell damage 
and death caused by reactive oxygen species is cur-
rently believed to be lipid peroxidation [3-5]. It is 
known that lipid peroxidation represents a univer-
sal mechanism of cellular membrane damage as-
sociated with various pathological conditions [6-9]. 
The glutathione-dependent antioxidative system 
plays a central role in neutralizing lipid peroxida-
tion products and other oxidized molecules [10-13]. 
Through the catalytic activity of glutathione peroxi-
dase (GPx), cells are able to reduce hydrogen per-
oxide (H2O2) and organic hydroperoxides to their 
corresponding alcohols [14]. This reaction requires 
reduced glutathione (GSH) as a substrate. The sys-
tem also includes glutathione reductase (GR), an 
NADPH-dependent enzyme responsible for reducing 
oxidized glutathione (GSSG) back to GSH, thereby 
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maintaining glutathione recycling. Another key en-
zyme, glutathione-S-transferase (GST), catalyzes the 
conjugation of GSH with electrophilic compounds 
(such as lipid peroxides and their reactive aldehydes, 
some medicines and xenobiotics etc.), serving both 
a detoxifying and protective function. The pro-/anti-
oxidant system is highly sensitive to oxidative stress, 
which may be triggered by medications, harmful 
habits, infectious agents, psychological stress, or 
various diseases [15, 16].

The immune system, with lymphocytes as its 
key components, is one of the body’s integral sys-
tems that responds rapidly to external and internal 
stimuli. The current understanding considers im-
mune reactivity to be one of the earliest and most 
sensitive indicators of the negative impact of exoge
nous and endogenous stressors [17, 18]. Lympho-
cytes represent a heterogeneous population of cells 
and play a central role in specific immune responses. 
They are particularly responsive to oxidative stress, 
and changes in the activity of their antioxidant de-
fense enzymes can serve as biomarkers of both 
pathological conditions and the body’s adaptive 
mechanisms [19].

Given that the primary objective of modern 
medicinal chemistry is the synthesis or identification 
of compounds as a foundation for the development of 
new therapeutic agents. However, the identification 
of compounds with a specific type of activity even 
if highly potent – is not sufficient on its own. This is 
due to the fact that highly active compounds must 
undergo comprehensive investigation, including pre-
clinical and clinical trials, toxicological assessment, 
and other studies that ultimately determine their po-
tential for implementation in clinical practice.

The aim of the present study was to investigate 
the effect of Les-6400 on the activity of both enzy-
matic and non-enzymatic components of the glu-
tathione antioxidant system, as well as on lipid per-
oxidation processes in human blood lymphocytes.

Materials and Methods

The material for the study consisted of blood 
samples of apparently healthy male volunteers aged 
20–44 years. The samples were collected at the Lviv 
Regional Clinical Hospital in accordance with a co-
operation agreement between Danylo Halytsky Lviv 
National Medical University and the Lviv Regional 
Clinical Hospital.

The members of the Ethics Committee for 
Scientific Research, Experimental Developments, 

and Scientific Works of Danylo Halytsky Lviv Na-
tional Medical University did not identify any viola-
tions of moral or ethical standards during research 
(protocol No 11 from 19.12.2022). The submitted 
materials were deemed scientifically substantia
ted, and the patient information sheet was found to 
clearly state all necessary provisions, with which all 
patients were duly acquainted. Measures were taken 
to ensure patient health safety, protection of rights, 
human dignity, and compliance with moral and ethi-
cal norms in accordance with the principles of the 
Declaration of Helsinki on human rights, the Coun-
cil of Europe Convention on Human Rights and Bio-
medicine, and relevant legislation of Ukraine.

The compound Les-6400 was synthesized at 
the Department of Pharmaceutical and Bioorganic 
Chemistry of Danylo Halytsky Lviv National Medi-
cal University.

Peripheral blood lymphocytes were isolated 
using a modified method by Boyum A. [20]. The 
content of malondialdehyde (MDA), GSH, GSSG 
and the activity of glutathione-dependent enzymes 
was determined in saponin-permeabilized peripheral 
blood lymphocytes. 

The MDA content was determined using the 
reaction with 2-thiobarbituric acid. 10 mM K, Na-
phosphate buffer containing 125 mM KCl (pH 7.4) 
and 1 mM KMnO4 were added to the experimental 
sample containing 50 µg of protein. Lipid peroxida-
tion was induced in this sample by adding 500 µl 
of 10 mM FeSO4 twice at 10-min intervals. After 
5 min, the reaction was stopped by the addition of 
1 ml of 20% trichloroacetic acid, followed by cen-
trifugation. 250 µl of 1 N HCl and 500 µl of 0.7 mM 
thiobarbituric acid were added to 1 ml of the super-
natant, and the mixture was incubated in a boiling 
water bath (100°C) for 20 min. After cooling, 3 ml 
of butanol were added, the mixture was thoroughly 
shaken, and centrifuged for 10 min at 1500 rpm. 

Structural formula of the compound Les-6400
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The optical density of the sample was measured at 
λ = 532 nm against a control (sample without cells), 
using the molar extinction coefficient of the pink-
colored complex ε = 1.56·105 M–1·cm–1. The results 
were expressed as µmol/mg protein. Protein concen-
tration was determined by Lowry method.

The total GSH content was determined in a cell 
suspension after complete reduction of GSH by GR 
using Ellman’s reagent [21]. The reaction mixture 
contained potassium phosphate buffer (100  mM, 
pH  7.5), EDTA (1 mM), NADPH (0.2  mM), 
5,5′-dithio-bis-2-nitrobenzoic acid (DTNB, 0.6 mM), 
and the cell suspension in a final volume of 1.0 ml. 
The enzymatic reaction was initiated by the addi-
tion of glutathione reductase (1.9 U; 0.037 ml of a 
50 U/ml solution). The formation of 5,5′-dithio-bis-
2-nitrobenzoic acid was monitored spectrophoto-
metrically λ = 412 nm. To determine the content of 
oxidized glutathione (GSSG), 2-vinylpyridine was 
added to the incubation mixture to a final concentra-
tion of 2% 60 min prior to the assay. The GSH con-
tent was calculated as the difference between total 
and oxidized glutathione concentrations.

GPx activity was determined by the rate of 
GSH oxidation in the presence of tert-butyl hydroper
oxide. Samples containing 50 µg of protein were in-
cubated at 37°C for 10 min with 830 µl of 0.1 M 
Tris–HCl buffer (pH 8.5) containing 6 mM EDTA, 
12 mM sodium azide (NaN3), and 4.8 mM GSH. 
Subsequently, 70 µl of 20 mM tert-butyl hydroper-
oxide were added, and the samples were incubated 
for an additional 5 min. The reaction was stopped 
by the addition of a 200 µl 20% trichloroacetic acid 
solution, followed by centrifugation at 10000 rpm for 
10 min. Control samples were prepared by adding 
trichloroacetic acid prior to the addition of tert-butyl 
hydroperoxide. For the determination of residual 
GSH, 20 µl of Ellman’s reagent (0.01 M solution of 
5,5′-dithiobis-2-nitrobenzoic acid in methanol) and 
2 ml of 0.1 M Tris–HCl buffer (pH 8.5) were added 
to 20 µl of the supernatant and incubated for 5 min. 
The absorbance was measured at λ = 412 nm. The 
GPx activity was expressed as µmol GSH per minute 
per 1 mg of protein.

GR activity was determined spectrophotomet-
rically by the decrease in optical density as a result 
of NADPH oxidation. The reaction was initiated by 
adding 50 µL of the corresponding sample suspen-
sion (protein content did not exceed 50 µg/ml) to 
2 ml of the incubation medium consisting of 0.01 M 
K,Na-phosphate buffer (pH 7.4), 0.008 M oxidized 

glutathione prepared in 0.01 N NaOH, and 0.002 M 
NADPH prepared in 1% NaHCO3. Enzyme activity 
was calculated based on the decrease in NADPH 
content, which was monitored spectrophotometri-
cally at λ = 340 nm for 10 min. GR activity was ex-
pressed as nmol NADPH per minute per 1 mg of 
protein.

GST activity was assessed by the rate of for-
mation of the conjugate with 1-chloro-2,4 dini-
trobenzene [22]. The incubation medium containing 
2.5 ml of 0.1 M potassium phosphate buffer (pH 6.5), 
0.03 ml of a 300 mM reduced glutathione solution 
and 0.1 ml. 0.1 ml of sample suspension (protein 
content did not exceed 50 µg/ml) was added to the 
incubation medium. The 0.1 ml of 0.1 M potassium 
phosphate buffer (pH 6.5) was added to the control 
sample instead of the protein fraction. The reaction 
was initiated by adding 0.2 ml of 0.015 M 1-chlo-
ro-2,4-dinitrobenzene to both cuvettes, and after 
3 min the optical density was measured against the 
control at a λ = 340 nm. GST enzyme activity was 
calculated using the extinction coefficient of the 
complex (9.6 mM–1·cm–1) and expressed as µmol of 
GSH per minute per 1 mg of protein.

Experimental data were processed by methods 
of variation statistics using MS Excel. Results are 
presented as mean ± standard error of the mean 
(SEM). The statistical significance of differences 
between groups was assessed using Student’s t-test. 
Differences were considered statistically significant 
at P < 0.05.

Results and Discussion

Glutathione-dependent intracellular detoxifi-
cation pathways of lipid peroxidation products play 
a key role in modulating the effects of antibiotics, 
cytostatics, and other drugs on cell viability [12-
14, 19]. We conducted a comparative study of lipid 
peroxidation processes and the glutathione system 
in peripheral blood lymphocytes under the action of 
the compound Les-6400. Analyzing the functional 
state of the glutathione system and lipid peroxida-
tion allows for a more detailed understanding of the 
mechanism of action of this compound.

Oxidative stress, which was presumably in-
duced by Les-6400, was triggered by adding the 
compound to the incubation medium at concentra-
tions ranging from 10⁻⁶ to 10⁻³ M. The intensity of 
oxidative stress was assessed by measuring the con-
tent of MDA, a final product of lipid peroxidation. 
An increase in lipid peroxidation was observed at 
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different concentrations of Les-6400 (Fig. 1). In the 
control group, the concentration of MDA in blood 
lymphocytes was (61.2 ± 5.3) µmol/mg protein. Upon 
exposure to different concentrations of Les-6400 in 
the incubation medium (10–6–10–3 M), this value in-
creased. Specifically, MDA level was twice higher 
(P < 0.001) at Les-6400 concentration compared to 
control. Thus, a statistically significant increase in 
lipid peroxidation processes was observed in blood 
lymphocytes under the influence of Les-6400 at con-
centrations above 10–5 M.

Another indicator of oxidative processes is the 
content of oxidized glutathione (GSSG). It was found 
that the GSSG level in blood lymphocytes of male 
donors tended to increase; however, these changes 
were not statistically significant compared to the 
control group (Fig. 2).

Along with the increase in lipid peroxida-
tion, changes in the activity of enzymes in the glu-
tathione system were detected. It was shown that in 
the control group glutathione peroxidase activity 
in blood lymphocytes was 156.3 ± 14.5 nmol GSH/
min·mg protein. Under the influence of compound 
Les-6400, enzyme activity tended to increase in an 
almost dose-dependent manner at all studied con-
centrations, reaching its maximum value at 10–3 M – 
196.0 ± 18.6 nmol GSH/min·mg protein (Fig. 3).

However, the concentration of reduced glu-
tathione under the influence of Les-6400 at con-
centrations ranging from 10–6 to 10–3 M remained 
virtually unchanged compared to the control values 

Fig. 1. Effect of compound Les-6400 on lipid per-
oxidation in peripheral blood lymphocytes (M ± m, 
n = 8), *P < 0.05, ***P < 0.001

Fig. 2. Effect of compound Les-6400 on the concen-
tration of oxidized glutathione in peripheral blood 
lymphocytes (M ± m, n = 8)
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and ranged between 19.3 and 23.7 nmol GSH/mg 
protein (Fig. 4).

The activity of glutathione peroxidase (GPx) 
in the cell depends on the function of glutathione 
reductase (GR), which catalyzes the reduction of 
oxidized glutathione (GSSG) back to its reduced 
form (GSH). Therefore, alongside GPx activity de-
termination, the activity of glutathione reductase 
was also examined. In the control group GR activity 
was 51.9 ± 5.1 nmol NADPH/min·mg protein. Under 
the influence of compound Les-6400 enzyme activi
ty significantly increased, reaching its highest value 
81.3 ± 8.4 nmol NADPH/min·mg protein at a con-
centration of 10⁻⁴ M which is 1.48-fold higher com-
pared to values (Fig. 5).

Glutathione reductase prevents the accumula-
tion of secondary lipid peroxidation products; howe
ver, it cannot neutralize them, unlike glutathione-S-
transferase (GST). In the control group GST activity 
was 96.9 ± 9.2 nmol GSH/min·mg protein. Adding 
compound Les-6400 to the incubation medium at 
concentrations of 10–6 to 10–3 M dose-dependently 
reduced the activity of this enzyme to 70.1 ± 8.2  
nmol GSH/min·mg protein, with a 1.4-fold decrease 
observed at a concentration of 10–3 M (Fig. 6).

Permeabilized human peripheral blood lym-
phocytes were chosen as an experimental model 
since the use of primary human cells increases the 
physiological relevance of the obtained data com-
pared to animal cell lines. In addition, permeabili-
zation of the plasma membrane allows to control the 
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Fig. 3. Effect of compound Les-6400 on glutathione 
peroxidase activity in peripheral blood lymphocytes 
(M ± m, n = 8), *P < 0.05

Fig. 4. Effect of compound Les-6400 on the concen-
tration of reduced glutathione in peripheral blood 
lymphocytes (M ± m, n = 8)
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intracellular environment and directly assess the ef-
fect of Les-6400 on enzyme activity, minimizing the 
impact of membrane transport.

Researchers at the Department of Pharmaceuti-
cal, Organic, and Bioorganic Chemistry of Danylo 
Halytsky Lviv National Medical University have 
tested the use of 1,4-naphthoquinone derivatives as 
dienophiles in the synthesis of biologically active 
polycyclic thiopyrano-thiazoles. During the study of 
the newly synthesized compound Les-6400, poten-
tial molecular-biological mechanisms of its antitu-
mor action were outlined, including the inhibition 
of tumor growth factor β (TGF-β). High apoptotic 

Fig. 5. Effect of compound Les-6400 on glutathione 
reductase activity in peripheral blood lymphocytes 
(M ± m, n = 8), *P < 0.05

Fig. 6. Effect of compound Les-6400 on glutathione-
S-transferase activity in peripheral blood lympho-
cytes (M ± m, n = 8), *P < 0.05
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ability of compounds synthesized from 1,4-naphtho-
quinone derivatives was established, which occurs 
through the activation of caspases 3/7, 8, and 9, and 
changes in mitochondrial potential in MDA-MB-231 
breast cancer cells. A strong interaction with DNA 
was found for the 1,4-naphthoquinone derivatives, 
as confirmed by a high level of competitive displace-
ment of methyl green from its complex with DNA 
(42.5-66.4%) and the ability to alter the net absorp-
tion (NetAbs) in the oxidation reaction of KMnO₄ 
with pyrimidine bases in DNA damage regions. 
Two compounds from this class were shown to re-
duce the level of reduced glutathione by forming 
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covalent GS-6 adducts, confirming their antioxidant 
properties. In vivo studies of acute toxicity Les-
6400 demonstrated significantly lower toxicity on 
C57BL/6 mice compared to the reference drug doxo-
rubicin [2].

Earlier, we demonstrated that a completely dif-
ferent class of compounds fluoroquinolones - dose-
dependently stimulate lipid peroxidation and slightly 
affect GPx activity, while having almost no impact 
on the concentration of reduced glutathione [23]. In-
creased lipid peroxidation was also observed with 
the antitumor agent mitomycin C [24, 25]. 

Indeed, at first glance the obtained results may 
appear contradictory. However, they indicate not a 
purely pro- or antioxidant effect of Les-6400, but 
rather its biphasic mode of action. It was shown 
that exposure to Les-6400 leads to a significant 
increase in MDA levels, indicating the induction 
of oxidative stress. This effect may result from an 
initial pro-oxidant action of the compound or from 
a disturbance of the cellular redox balance at early 
stages of exposure. At the same time, other experi-
ments demonstrate activation of antioxidant defense 
mechanisms, as evidenced by increased GPx and 
GR activities, allowing the effects of Les-6400 to 
be interpreted as indirectly antioxidant. Most likely, 
the initial elevation of lipid peroxidation serves as a 
trigger for an adaptive cellular response. Moderate 
increases in reactive oxygen species levels or lipid 
peroxidation products induce the synthesis of anti-
oxidant enzymes and enhance cellular resistance to 
subsequent oxidative challenges. Thus, the observed 
2-fold increase in MDA does not contradict the anti-
oxidant effects of Les-6400 rather reflects the stage-
dependent and concentration- and time-dependent 
nature of its action.

An interesting effect of the compound Les-
6400 on GST activity was observed. GSTs are the 
major class of metabolic enzymes playing a key role 
in the detoxification of xenobiotics. In addition to 
their important role in detoxification, GSTs also have 
diverse biological activity in the onset and progres-
sion of various diseases. Mammalian GSTs form a 
large family that can be divided into three classes: 
cytosolic GSTs, mitochondrial GSTs, and micro-
somal GSTs, based on their cellular localization. 
Among them, cytosolic GSTs are likely the most 
studied and are widely expressed in various cell 
types [26]. Cytosolic GSTs are widely expressed in 
human tissues and comprise approximately 40% of 
total GSTs [27, 28]. Since our studies were conducted 

on saponin-permeabilized blood lymphocytes, it is 
likely that the activity observed was primarily from 
the cytosolic fraction of GSTs. It is important to note 
that cytosolic GSTs perform a variety of biological 
functions: (1) catalyzing the conjugation of reduced 
glutathione with electrophilic compounds (including 
drugs), electrophilic drug metabolites, and endoge-
nous electrophiles [29]; (2) catalyzing the reduction 
of organic hydroperoxides; (3) regulating various cell 
signaling pathways, such as the mitogen-activated 
protein kinase (MAP) pathway, which regulates ap-
optotic signaling (ASK1) [30]; (4) post-translational 
modification of proteins through S-glutathionylation 
or deglutathionylation [31]; and (5) contributing to 
multidrug resistance to chemotherapeutic agents and 
protecting cancer cells from apoptosis [32].

In recent decades, significant attention has been 
given to studying the mechanisms of excessive GST 
expression in various pathological conditions and 
drug resistance in tumors. As a result, many GST 
inhibitors have been developed and applied, either 
alone or in combination with chemotherapeutic 
agents, for the treatment of multidrug-resistant tu-
mors. Moreover, in recent years, new properties of 
GST have been discovered in other diseases, such as 
pulmonary fibrosis and neurodegenerative disorders, 
although the exact regulatory mechanisms remain 
unclear. Given the observed overexpression of GST 
in various diseases, there is an ongoing search for 
specific inhibitors of this enzyme. Some of them are 
currently in the preclinical development and clinical 
stages [33]. The decrease in GST activity revealed 
in our study may be due to both direct interaction of 
Les-6400 with the enzyme and secondary changes 
in the redox status of the cells. To clarify the mecha-
nism, additional in vitro studies with purified en-
zyme or analysis of enzyme kinetic are necessary.

Currently, the literature discusses the use of 
GST inhibitors to affect cellular signaling pathways 
and intracellular biological processes, as well as in-
vestigating the potential of this enzyme for treating 
diseases. Research on the effects of GST inhibitors 
on cellular regulatory systems, particularly the glu-
tathione antioxidant system, should lead to a better 
understanding of the relationship between excessive 
GST expression and human diseases, which may aid 
in the future development of drugs targeting GST. 

The increase in GPx activity and GR activity 
indicates activation of the glutathione-dependent an-
tioxidant response aimed at neutralizing peroxides 
and maintaining cellular redox homeostasis. The 
simultaneous decrease in GST activity may reflect 
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a redistribution of the reduced glutathione pool in 
favor of peroxidase-mediated detoxification, which 
becomes a higher priority under conditions of oxi-
dative stress. In this context, GSH is preferentially 
directed toward peroxide neutralization rather than 
secondary detoxification processes. In this regard, 
the compound Les-6400, which leads to an inhibi-
tion of GST activity, shows promise and requires 
further study.

Study limitations. In this study, the concen-
tration range of Les-6400 (10–6–10–3 М) was cho-
sen based on typical concentrations used for initial 
evaluation of prooxidant mechanisms of action of 
small molecules in vitro. The extrapolation of the 
obtained effects to in vivo conditions requires further 
studies of the pharmacokinetics, bioavailability, and 
distribution of the compound. All experiments in 
this study were performed at fixed incubation times 
to standardize conditions and minimize variability 
in results. Observed effects may be transient or, con-
versely, become more pronounced with longer ex-
posure to the compound. Further studies are needed 
with varying incubation time. 

In this study, the focus was on analyzing early 
biochemical markers of compound action, therefore 
cytotoxicity parameters were not determined. It 
should be noted that the evaluation of cell viability 
under exposure to 4-thiazolidinone derivatives was 
performed in previous studies [34, 35]. These results 
demonstrated that the concentrations used in the pre-
sent work were within the sub-cytotoxic range.

Further studies include clarifying the molecular 
mechanisms of action, in particular the role of redox-
dependent signaling processes, and assessing the ef-
fect of the compound on various tumor cell lines in 
vitro.

Conclusions. It was shown that the compound 
Les-6400 significantly affects the regulatory mecha-
nisms of the cell, particularly in blood lymphocytes. 
Les-6400 activates lipid peroxidation and signifi-
cantly impacts the activity of enzymes in the glu-
tathione antioxidant system: at high concentrations 
(10–3 M), it activates glutathione peroxidase, and at 
the same concentrations, it reduces glutathione-S-
transferase activity. Thus, the compound Les-6400 
significantly affects the pro-/antioxidant status of 
blood lymphocytes.
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ізольованих лімфоцитів 
крові людини за дії 
новосинтезованої сполуки 
11-(фуран-2-іл)-9-гідрокси-3,11- 
дигідро-2h-бензо[6,7]
тіохромено[2,3-d]тіазол-2,5,10-
тріону (Les-6400)
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Відомо, що похідні 1,4-нафтохінону є ос-
новою широкого спектра лікарських засобів 
із різноманітною біологічною активністю. У 
цьому контексті особливий інтерес викликає 
новосинтезована сполука цієї групи – 
(11-(фуран-2-іл)-9-гідрокси-3,11-дигідро-2H-
бензо[6,7]тіохромено[2,3-d] тіазол-2,5,10-тріон), 
відома під лабораторним шифром Les-6400, з 
огляду на її потенційні лікоподібні властивості. 
Метою дослідження було визначення параметрів 
глутатіонової ланки антиоксидантної системи в 
ізольованих лімфоцитах периферичної крові за 
дії Les-6400. У дослідженні використовували 
сапонін-пермеабілізовані лімфоцити зі зразків 
крові здорових чоловіків-добровольців віком 20–
44 років. Показано достовірне дозозалежне зро-
стання процесів перекисного окислення ліпідів у 
лімфоцитах крові за дії Les-6400 у концентраціях 
10–5–10–3 М. За досліджуваних концентрацій 
впливу Les-6400 на вміст GSH не спостерігалося, 
тоді як у діапазоні концентрацій 10–4–10–3 М 
активність глутатіонових антиоксидантних 
ензимів достовірно змінювалась: активність 
глутатіонпероксидази і глутатіонредуктази 
була підвищена, тоді як активність глутатіон-S-
трансферази була знижена. Таким чином, сполу-
ка Les-6400 суттєво впливає на про-/антиокси-
дантний статус лімфоцитів крові.
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глутатіонредуктаза, глутатіон-S-трансфераза.

References

1. Tandon VK, Kumar S. Recent development on 
naphthoquinone derivatives and their therapeutic 
applications as anticancer agents. Expert Opin 
Ther Pat. 2013; 23(9): 1087-1108.

2. Lozynskyi AV. In silico study of drug similarity, 
toxicity parameters and mechanism ofanti-
tumor activity of 11-(furan-2-yl)-9-hydroxy-
3,11-dihydro-2h-benzo[6,7]thiochromeno[2,3-d]
thiazole-2,5,10-trione (Les-6400). Pharmac 
Rev. 2023; (2): 5-10. 

3. Su LJ, Zhang JH, Gomez H, Murugan R, 
Hong  X, Xu D, Jiang F, Peng ZY. Reactive 
oxygen species-induced lipid peroxidation in 
apoptosis, autophagy, and ferroptosis. Oxid Med 
Cell Longev. 2019; 2019: 5080843.

4. Forrester SJ, Kikuchi DS, Hernandes MS, Xu Q, 
Griendling KK. Reactive oxygen species in 
metabolic and inflammatory signaling. Circ Res. 
2018; 122(6): 877-902.

5. Juan CA, Pérez de la Lastra JM, Plou FJ, Pérez-
Lebeña E. The chemistry of reactive oxygen 
species (ROS) revisited: outlining their role in 
biological macromolecules (DNA, lipids and 
proteins) and induced pathologies. Int J Mol Sci. 
2021; 22(9): 4642.

6. Adeoye O, Olawumi J, Opeyemi A, Christiania O. 
Review on the role of glutathione on oxidative 
stress and infertility. JBRA Assist Reprod. 2018; 
22(1): 61-66.

7. Fafula R, Melnyk O, Gromnatska N, Vorobets D, 
Fedorovych Z, Besedina A,  Vorobets Z. 
Prooxidant-antioxidant balance in seminal and 
blood plasma of men with idiopathic infertility 
and infertile men in com-bination with 
rheumatoid arthritis. Studia Biologica. 2023; 
17(2): 15-26. 

8. Garrido N, Meseguer M, Simon C, Pellicer A, 
Remohi J. Pro-oxidative and anti-oxidative 
imbalance in human semen and its relation with 
male fertility. Asian J Androl. 2004; 6(1): 59-65.

9. Ayala A, Muñoz MF, Argüelles S. Lipid 
peroxidation: production, metabolism, and 
signaling mechanisms of malondialdehyde and 
4-hydroxy-2-nonenal. Oxid Med Cell Longev. 
2014; 2014: 360438.

10. Fafula R, Vorobets M, Vorobets D, Onufrovych O, 
Fedorovych Z, Besedina A, Gromnatska  N, 
Sybirnyy A, Vorobets Z, Chemerys O. 
Glutathione antioxidant system status of men 
with erectile dysfunction due to combat trauma. 
Studia Biologica. 2025; 19(1): 3-14. 

11. Fafula RV, Onufrovych OK, Iefremova UP, 
Melnyk OV, Nakonechnyi IA, Vorobets DZ, 
Vorobets ZD. Glutathione content in sperm cells 
of infertile men. Regul Mech Biosyst. 2017; 8(2): 
157-161. 

12. Tan M, Yin Y, Ma X, Zhang J, Pan W, Tan M, 
Zhao Y, Yang T, Jiang T, Li H. Glutathione 
system enhancement for cardiac protection: 
pharmacological options against oxidative stress 
and ferroptosis. Cell Death Dis. 2023; 14(2): 131. 

13. Marushchak M, Maksiv K, Krynytska I, 
Stechyshyn I. Glutathione antioxidant system of 
lymphocytes in the blood of patients in a setting 
of concomitant chronic obstructive pulmonary 
disease and arterial hypertension. Pol Merkur 
Lekarski. 2019; 47(281): 177-182.

14. Sarıkaya E, Doğan S. Glutathione system and 
oxidative stress in health and disease. Ed. 
Bagatini MD. 2020. 138 p.

15.  Pļaviņa L, Edelmers E. Oxidative stress 
modulation and glutathione sstem response 
during a 10-day multi-stressor field training. J 
Funct Morphol Kinesiol. 2025; 10(2): 166.

16. Pizzino G, Irrera N, Cucinotta M, Pallio G, 
Mannino F, Arcoraci V, Squadrito F, Altavilla D, 
Bitto A. Oxidative stress: harms and benefits 
for human health. Oxid Med Cell Longev. 2017; 
2017: 8416763.

17. Cuervo W, Sordillo LM, Abuelo A. Oxidative 
stress compromises lymphocyte function in 
neonatal dairy calves. Antioxidants (Basel). 
2021; 10(2): 255.

18. Turner JE, Bosch JA, Drayson MT, Aldred S. 
Assessment of oxidative stress in lymphocytes 
with exercise. J Appl Physiol. 2011; 111(1): 206-
211.

19. Mehrotra S, Mougiakakos D, Johansson CC, 
Voelkel-Johnson C, Kiessling R. Oxidative 
stress and lymphocyte persistence: implications 
in immunotherapy. Adv Cancer Res. 2009; 102: 
197-227.

20. Clinical Laboratory Diagnostics. Workshop / 
Lutsyk BD, Lapovets LE, Porokhnavets LE. et 
al. Lviv: Taras Soroka Publishing House, 2008. 
264 p. (In Ukrainian).

О. P. Sen’, О. K. Оnufrovych, M. Ye. Kushynska et al. 



84

ISSN 2409-4943. Ukr. Biochem. J., 2026, Vol. 98, N 2

21. Anderson ME. Determination of glutathione 
and glutathione disulfide in biological samples. 
Methods Enzymol. 1985; 113: 548-555.

22. Raijmakers MT, Steegers EA, Peters  WH. 
Glutathione S-transferases and thiol 
concentrations in embryonic and early fetal 
tissues. Hum Reprod. 2001; 16(11): 2445-2450.

23. Kovalenko IV, Onufrovych OK, Melnyk OV, 
Korchynska OS, Vorobets NM, Vorobets ZD. 
Effect of fluoroquinolones on the activity of 
the glutathione system in the peripheral blood 
lymphocytes. Exp Clin Physiol Biochem. 2019; 
87(3): 23-29.

24. Sheremeta DR, Sverdan OP, Vorobets DZ, 
Fafula  RV, Vorobets ZD. Effects of mitomycin 
C on pro-/antioxidant system of blood lympho
cytes. Exp Clin Physiol Biochem. 2022; 94(2): 
53-60. (In Ukrainian).

25. Rjiba-Touati K, Ayed-Boussema I, Guedri  Y, 
Achour A, Bacha H, Abid-Essefi S. Effect 
of recombinant human erythropoietin on 
mitomycin C-induced oxidative stress and 
genotoxicity in rat kidney and heart tissues. 
Hum Exp Toxicol. 2016; 35(1): 53-62.

26. Singh RR, Reindl KM. Glutathione S-transfe
rases in cancer. Antioxidants (Basel). 2021; 
10(5): 701.

27. Wu B, Dong D. Human cytosolic glutathione 
transferases: structure, function, and drug 
discovery. Trends Pharmacol Sci. 2012; 33(12): 
656-668.

28. Chatterjee A, Gupta S. The multifaceted role 
of glutathione S-transferases in cancer. Cancer 
Lett. 2018; 433: 33-42.

29. Eaton DL, Bammler TK. Concise review of the 
glutathione S-transferases and their significance 
to toxicology. Toxicol Sci. 1999; 49(2): 156-164.

30. De Luca A, Mei G, Rosato N, Nicolai E, 
Federici  L, Palumbo C, Pastore A, Serra M, 
Caccuri AM. The fine-tuning of TRAF2-
GSTP1-1 interaction: effect of ligand binding 
and in situ detection of the complex. Cell Death 
Dis. 2014; 5(1): e1015.

31. Zhang Y, Zhou T, Duan J, Xiao Z, Li G, Xu F. 
Inhibition of P-glycoprotein and glutathione 
S-transferase-pi mediated resistance by 
fluoxetine in MCF-7/ADM cells. Biomed 
Pharmacother. 2013; 67(8): 757-762.

32. Townsend DM, Findlay VL, Tew KD. Glutathione 
S-transferases as regulators of kinase pathways 
and anticancer drug targets. Methods Enzymol. 
2005; 401: 287-307.

33. Lv N, Huang C, Huang H, Dong Z, Chen X, 
Lu C, Zhang Y. Overexpression of glutathione 
S-transferases in human diseases: drug targets 
and therapeutic implications. Antioxidants 
(Basel). 2023; 12(11): 1970.

34. Kobylinska L, Klyuchivska O, Lesyk R, Stoika R. 
Targeting of the pro-oxidant-antioxidant balance 
in vitro and in vivo by 4-thiazolidinone-based 
chemotherapeutics with anticancer potential. 
Ukr Biochem J. 2019; 91(2): 7-17. 

35. Kobylinska L, Ivasechko I, Skorokhyd  N, 
Panchuk R, Riabtseva A, Mitina N, Zaichenko A, 
Lesyk R, Zimenkovsky B, Stoika  R, Vari  SG. 
Enhanced proapoptotic effects of water 
dispersed complexes of 4-thiazolidinone-based 
chemotherapeutics with a PEG-containing 
polymeric nanocarrier. Nanoscale Res Lett. 
2019; 14(1): 140.


