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Background. Thiazole-based molecules are promising anticancer candidates that
disrupt the redox balance of tumor cells, but the impact of polymer carriers on their acti-
vity remains poorly understood. This study evaluated how a 2-amino-5-benzylthiazole
derivative (BF1) and its complex with a PEG-based polymer (Th4) influence reactive
oxygen species (ROS) generation in Nemeth—Kellner lymphoma (NK/Ly) cells, using
the free polymer (Th3) as a control.

Materials and Methods. NK/Ly lymphoma cells obtained from ascitic tumors in
mice were incubated with BF 1, the free polymer carrier Th3, or the BF 1—polymer comp-
lex Th4 at equal concentrations. After 30, 60, and 120 minutes of incubation, intracel-
lular ROS levels were evaluated by fluorescence microscopy using a ROS-sensitive
probe, and fluorescence intensity was quantified with image analysis software. Group
differences were assessed by standard statistical tests, and correlation analysis was
applied to examine the relationship between incubation time and ROS levels.

Results. Treatment with BF1 led to a significant, time-dependent increase in intra-
cellular ROS compared with untreated control cells, indicating that this thiazole derivative
effectively enhances oxidative stress in lymphoma cells. The free polymer Th3 did not
cause meaningful changes in ROS at any time point, supporting its role as an inert carrier.
In contrast, cells exposed to the BF1—polymer complex Th4 consistently showed a more
pronounced elevation of ROS than those treated with BF1 alone at all incubation times.
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Correlation analysis revealed a moderate positive association between incubation time
and ROS levels for BF1, and a stronger positive association for Th4, suggesting that
polymer complexation intensifies and prolongs ROS accumulation in tumor cells.

Conclusions. A 2-amino-5-benzylthiazole derivative markedly increases ROS
levels in lymphoma cells, an effect further amplified by its polymer complexation without
additional toxicity from the free carrier. These findings indicate that induction of oxida-
tive stress is a key mechanism of the derivative’s antitumor action. The inert nature of
the free polymer confirms its suitability as a nanocarrier, while the enhanced ROS gene-
ration supports further development of polymer-based thiazole formulations for cancer
therapy.

Keywords: lymphoma, thiazole derivative, polymeric carrier, polyethyleneglycol,
reactive Oxygen species

INTRODUCTION

Lymphoma is a malignant hematologic neoplasm of lymphoid tissue characterized
by enlargement of lymph nodes and extensive accumulation of malignant lymphocytes
in internal organs. Lymphomas are the most aggressive and most common form of
hematologic malignancy, accounting for 55.6 % of all neoplastic diseases. The develop-
ment of novel small molecules that selectively target malignant cells while sparing nor-
mal tissues remains a major objective in oncology. Thiazole-containing heterocycles
have emerged as a particularly promising chemotype, exhibiting potent cytotoxic and
pro-apoptotic activity across a variety of tumor models, including hematologic malignan-
cies. Thiopyrano[2,3-d]thiazole structures have been shown to suppress the viability of
human leukemia T-cells and glioblastoma cells via ROS-mediated mitochondrial apop-
tosis and PARP-1 inhibition, establishing thiazole scaffolds as promising candidates for
anticancer drug design (Finiuk et al., 2022).

A key mechanism underlying the antitumor action of many thiazole derivatives is
modulation of cellular redox homeostasis and induction of reactive oxygen species
(ROS). It was reported that representative thiopyrano[2,3-d]thiazole derivatives induce
accumulation of endogenous ROS, leading to mitochondrial dysfunction and apopto-
sis in leukemia models (Finiuk et al., 2022). This mode of action is consistent with
the broader concept of redox-based cancer therapy, where tumor cells characterized
by elevated basal ROS and reprogrammed antioxidant defenses are pushed beyond
their adaptive capacity by additional oxidative stress. Wang et al. reviewed the design
principles and applications of ROS-responsive drug delivery systems, emphasizing that
ROS-rich tumor microenvironments can be exploited for selective activation of thera-
peutics (Liang et al., 2016). Against this background, thiazole derivatives that enhance
intracellular ROS generation represent rational tools for targeted redox modulation in
cancer cells.

In parallel, polymer-based delivery platforms have been intensively developed to
improve the pharmacokinetics, stability, and tumor selectivity of small-molecule drugs.
Folate-modified pH/ROS dual-responsive polymeric micellar systems have demon-
strated enhanced intracellular delivery and controlled release of doxorubicin in cancer
cells, thereby increasing therapeutic efficacy while potentially limiting systemic toxicity
(Dai et al., 2024). Other studies have shown that ROS-responsive and actively targeted
polymeric nanoparticles can further improve tumor selectivity and on-demand activation
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of chemotherapeutics in oxidatively stressed microenvironments (Zhang et al., 2021).
These data provide a strong rationale for combining redox-active thiazole derivatives
with polymer carriers to modulate their cellular uptake, intracellular distribution, and
ROS-dependent mechanisms of action.

Despite these advances, experimental data on the interplay between newly syn-
thesized thiazole derivatives, polymer carriers, and ROS generation in lymphoma cells
remains limited. Our previous studies showed that a thiazole derivative and its comp-
lexes with PEG-containing polymeric nanoparticles significantly increase ROS genera-
tion in NK/Ly lymphoma cells, while maintaining the oxidative status of non-tumor tissues
within a tolerable range. Also, changes in bioenergetic characteristics and mitochondrial
function of NK/Ly cells under the action of thiazole derivatives in complex with polymeric
nanoparticles have been documented, suggesting that polymer-assisted delivery can
significantly influence mitochondrial respiration and membrane potential in lymphoma
cells (llkiv et al., 2022). However, a detailed quantitative analysis of time-dependent
ROS dynamics and the relative contribution of free versus polymer-complexed thiazole
derivatives in NK/Ly lymphoma cells remains incomplete.

In this context, the present study investigates the effect of a thiazole derivative
(BF1) and its polymer complex (Th4) on intracellular ROS generation in NK/Ly lym-
phoma cells, using a free polymer (Th3) as a control carrier. Quantitative analysis of
ROS levels over different incubation periods allows us to evaluate how polymer comp-
lexation influences the pro-oxidant activity of BF1, as well as the temporal dynamics of
oxidative stress in tumor cells. By correlating incubation time with fluorescence-based
ROS readouts, we aim to clarify whether polymer-assisted delivery enhances or modi-
fies the redox-dependent mechanism of BF1 compared to the free compound.

MATERIALS AND METHODS

The 2-amino-5-benzylthiazole derivative (hereafter referred to as BF1) was syn-
thesized at the Department of Organic Chemistry of Ivan Franko National University
of Lviv. A polyethylene glycol (PEG)-based polymer carrier, a homopolymer of PEG
methacrylate with a PEG side-chain molecular weight of 475 kDa (poly(PEGMA), here-
after designated Th3) was synthesized at the Department of Organic Chemistry of Lviv
Polytechnic National University.

The compounds were dissolved in dimethyl sulfoxide (DMSO), and aqueous dis-
persions of a polymer nanoparticle, Th3, and its complex with BF1 (hereafter desig-
nated Th4), were used.

The Nemeth—Kellner lymphoma (NK/Ly) model, a transplantable murine lym-
phoma, was used in this study. The NK/Ly strain was obtained from the tumor strain
collection of the Institute of Experimental Pathology, Oncology and Radiobiology of the
National Academy of Sciences of Ukraine (Kyiv, Ukraine). Animal handling and experi-
mental procedures were conducted in accordance with the European Convention for the
Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes
(1998) and the Law of Ukraine “On Protection of Animals from Cruel Treatment”, as
well as approved by the Ethics Committee of Ivan Franko National University of Lviv,
Ukraine (Protocol of 01.06.2026 No 58-06-2026). The lymphoma was maintained in
outbred male mice by intraperitoneal inoculation of 200 yL of ascitic fluid. The injected
ascitic fluid contained 100—150 million tumor cells per 200 pyL. Tumor growth was moni-
tored throughout the experiment, and the mice were weighed daily from the day of
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lymphoma inoculation. Over the course of the experiment, the tumors increased in size
over a period of 10-14 days, and the rate of tumor growth and body weight gain were
monitored. In order to obtain ascitic fluid for further analysis, the ascitic tumor was
drained. Drainage of ascitic fluid was performed when the body weight of the mice
reached 140-170 % of their pre-inoculation body weight. Prior to the procedure, the
mice were anesthetized with diethyl ether. The abdominal cavity was then drained using
a sterile syringe. Tumor cell counts were determined using a Goryaev hemocytometer.

Intracellular ROS levels were assessed by fluorescence microscopy using dihydro-
ethidium (DHE), a fluorescent probe for ROS detection. The samples were incubated with
DHE for 15 min, and the final dye concentration was 100 nM. Images were acquired using
an Olympus IX73 inverted microscope equipped with a DP74 digital camera (llIkiv et al.,
2022). Fluorescence microscopy was using an excitation filter of 540-585 nm, a 595 nm
dichroic mirror, and a 600 nm emission (barrier) filter. Oxidized DHE products exhibit
fluorescence with excitation and emission maxima within the ranges of 500-530 nm and
590-620 nm, respectively (likiv et al., 2022).

The incubation medium contained the following components (mM): KCI, 90.0;
NaCl, 15.0; EGTA, 1.0; and HEPES, 10.0, adjusted to pH 7.4. Ascitic lymphoma cells
were washed and diluted 10-fold in the incubation medium. BF1, the polymeric carrier
Th3, and the BF1-Th3 complex (Th4) were added to the cell suspension at a final con-
centration of 10 uM. Rotenone (final concentration 5 %) was used as a positive control
in a separate sample. Cells were incubated for 15 min at 37 °C. Following incubation,
the cells were washed and stained with 10 pL of dihydroethidium (DHE), followed by an
additional 15 min incubation at 37 °C. Several microliters of each sample were placed
onto a microscope slide and covered with a coverslip. The preparations were examined
using an Olympus 1X73 microscope at x12.6 magnification. Multiple fields of view were
selected for analysis. Images were first acquired under bright-field illumination and sub-
sequently under fluorescence illumination.

Changes in intracellular ROS levels were assessed by measuring fluorescence
intensity. The photographs were analyzed using ImageJ software. After obtaining the
quantitative indicators, the mean value was calculated using GraphPad Prism software.
All data are presented as mean * standard error of the mean (SEM). To determine sta-
tistically significant differences between the independent groups, a one-way analysis
of variance (ANOVA) followed by Tukey4’s post-hoc test for multiple comparisons was
performed. P < 0.05 was considered statistically significant. To determine the statisti-
cal relationships between the variables, Pearson correlation analysis was performed,
and the statistical significance of the correlation coefficients was evaluated (P < 0.05).
(Hazra et al., 2016).

RESULTS AND DISCUSSION

Quantitative analysis of intracellular levels of ROS under the influence of a thiazole
derivative in complex with polymer carriers showed that treatment of cells with com-
pound BF1 at a concentration of 10 uM led to a 28.7 % increase in ROS production
compared to control values (Fig. 1). This indicates a potential ability of BF1 to modulate
the oxidative status of tumor cells. At the same time, the free polymer Th3 did not induce
statistically significant changes in ROS levels in lymphoma cells, confirming its neutra-
lity with respect to pro-oxidant processes and supporting its consideration as an inert
carrier for bioactive molecules.
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In contrast, investigation of the Th4 complex revealed a more pronounced increase
in ROS production — by 36.3 % relative to the values obtained for the free compound
(Fig. 1). This trend may indicate changes in intracellular localization or the kinetics of
BF1 uptake upon its encapsulation within the polymer matrix, which likely enhances its
pro-oxidant activity.

To validate the sensitivity of our assay to ROS induction, we included rotenone
(Rot), a mitochondrial complex | inhibitor widely used as a positive control for oxida-
tive stress (Li et al., 2003), in all experimental series. Rotenone treatment induced
a marked increase in ROS levels compared with untreated control cells, confirming that
the applied DHE-based fluorescence protocol reliably detects mitochondrial ROS over-
production in NK/Ly lymphoma cells.
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Fig. 1. ROS content in lymphoma cells under the action of BF1, Th3 polymer carrier, BF1 + polymer carrier

(Th4), and rotenone (Rot) after 30 minutes of incubation. M £ SEM; n = 5. *, # — P < 0.05; **, ## —
P < 0.01 (* — vs Control, # — vs Rot)

Thus, the conducted studies demonstrated that treatment of cells with the BF1
derivative is accompanied by a significant increase in intracellular ROS levels. This
trend suggests a possible involvement of ROS as intermediate or effector components
in the mechanism of action of the studied compound. The elevated generation of radical
species may reflect activation of oxidative stress—dependent signaling pathways, mito-
chondrial dysfunction, or other processes that alter cellular redox homeostasis.

After 60 minutes of incubation of lymphoma cells with the tested compounds, treat-
ment with the BF1 derivative at a concentration of 10 uM resulted in a 32.5 % increase
in ROS levels compared to the control. In contrast, the free polymer Th3 did not show
a noticeable effect on ROS levels in lymphoma cells (Fig. 2).

Application of the polymer complex Th4 led to an even more pronounced increase
in ROS levels — by 39.1 % (Fig. 2), indicating enhanced intracellular oxidative stress
under the action of the complex. These results allow tracking of intracellular response
patterns to Th4 exposure.

Fig. 3 presents changes in fluorescence intensity in NK/Ly lymphoma cells after
120 minutes of incubation with the studied substances. After prolonged exposure, the
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BF1 derivative showed a substantial increase in ROS levels by 35.4 % compared to the
control, indicating persistence or even enhancement of its pro-oxidant effect over time.

The free polymer Th3 again did not cause statistically significant changes in fluo-
rescence intensity, consistent with the 60-minute incubation data and confirming its
neutral effect on ROS levels.

The most pronounced increase in ROS was observed with the Th4 complex. After
120 minutes of incubation, fluorescence intensity exceeded control values by 42 %,
indicating intensified intracellular oxidative stress in the presence of the polymer com-
plex. This effect may suggest more efficient cellular uptake of the complex or a modi-
fication of the mechanism of action of BF1 when incorporated into the polymer matrix.
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Fig. 2. ROS content in lymphoma cells under the action of BF1, Th3 polymer carrier, BF1 + polymer carrier
(Th4), and rotenone (Rot) after 60 minutes of incubation. M + SEM; n = 5. **, ## — P < 0.01; *** —
P < 0.001 (* — vs Control, # — vs Rot)
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Fig. 3. ROS content in lymphoma cells under the action of BF1, Th3 polymer carrier, BF1+ polymer carrier
(Th4), and rotenone (Rot) after 120 minutes of incubation. M + SEM; n = 5.; ** ## — P < 0.01; *** —
P < 0.001 (* — vs Control, # — vs Rot)
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Correlation analysis revealed a positive relationship between incubation time and
fluorescence intensity in NK/Ly lymphoma cells under the action of the BF1 derivative
(Fig. 4). The correlation coefficient value of R = 0.69 (P < 0.05) indicates a moderate-to-
strong positive correlation, suggesting a gradual increase in intracellular ROS levels with
increasing exposure time.

For the Th4 complex, correlation analysis demonstrated an even more pronounced
direct relationship between incubation duration and ROS levels in tumor cells. The coef-
ficient value of R = 0.82 (P < 0.05) indicates a strong positive correlation, reflecting
a substantial increase in fluorescence intensity with prolonged exposure to the complex
(Fig. 4).
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Fig. 4. Correlation analysis of the effects of BF1 and the BF1-polymer carrier complex (Th4) after 30, 60, and
120 minutes of incubation (P < 0.05)

Compared to BF1, the Th4 complex provides a more intensive accumulation of
ROS, which may result from increased bioavailability, enhanced penetration, or pro-
longed interaction of the active substance within the polymer carrier. This aligns with the
hypothesis regarding a potentially enhanced therapeutic effect of the derivative upon its
encapsulation.
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Within the scope of this study, the effects of the 2-amino-5-benzylthiazole derivative
(BF1), the Th3 polymer carrier, and their Th4 complex on the ROS level in Nemeth—
Kellner lymphoma cells were comprehensively characterized. It was previously shown
that BF1 is capable of significantly increasing ROS content in tumor cells, indicating its
pro-oxidant properties (llkiv et al., 2022). Importantly, both the free form of BF1 and its
complex with the Th4 polymer caused a statistically significant increase in the levels of
lipid peroxidation products, which may indicate the initiation or intensification of oxida-
tive stress in the cellular environment.

Within the framework of this study, new experimental data were obtained, allowing
a deeper understanding of the potential mechanisms of biological action of the studied
compounds. It is essential to consider the chemical reactivity of ROS and their funda-
mental difference from other signaling molecules (Liu et al., 2023). The biological effects
of ROS are largely determined by their concentration: at low concentrations, they act
as regulators of intracellular processes, participating in the mechanisms of proliferation,
differentiation, and signal transduction. Conversely, excessive accumulation of ROS
leads to damage to cellular structures, including proteins, lipids, and DNA. An increase
in ROS levels in oncogenic cells is associated with compromised integrity of genetic
material and the development of carcinogenesis (Chen et al., 2025).

It is logical to assume that changes in ROS concentration directly correlate with
structural and functional changes in the cell, particularly ultrastructural disruption,
altered direction of differentiation, and activation of programmed cell death pathways.
Excessive or uncontrolled generation of ROS can substantially disrupt the normal func-
tioning of cellular systems (Rivadeneira et al., 2025).

Our experimental results confirm that BF1 induces a significant increase in the
total ROS level in NK/Ly cells compared to control samples that were not exposed to
this derivative. This suggests that BF1 can modulate the oxidative status of the cell and
potentially affect its viability and metabolic activity.

In the course of the study, it was found that under the influence of BF1, as well as its
complex with Th4-polymer, the ROS levels in NK/Ly lymphoma cells increased signifi-
cantly compared to the control. This indicates that the induction of oxidative stress may
be one of the key mechanisms of the cytotoxic effect of this thiazole derivative. At the
same time, free Th3-polymer did not cause any changes in the level of ROS, which con-
firms the leading role of BF1 in mediating the biological effect, while the carrier polymer
exhibits neutral properties. The increase in the levels of ROS after treatment of cells
with BF1 and Th4-complex indicates the possible participation of the studied compound
in the activation of apoptosis or other forms of programmed cell death, which is probably
associated with DNA damage (Merig et al., 2024).

Itis particularly significant that the polymeric carrier in its unbound form did not induce
an increase in the ROS level, demonstrating its good biocompatibility and the absence of
negative effects on cellular metabolism. This aspect is of fundamental importance, since
polymeric materials are widely used as nanostructured carriers for targeted delivery of
therapeutic agents, and their own toxicity should be minimal (Jiaying et al., 2023)

Summarizing the obtained results, it can be argued that the activation of ROS gene-
ration is an integral components of the antitumor mechanism of action of BF1 and its
complex with the polymer carrier. These effects were not observed in response to the
action of the free polymer, which further emphasizes the leading role of BF1 as the pri-
mary biologically active component. At the same time, the results indicate that polymer
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carriers are capable of enhancing the effect of the derivative, probably by increasing its
stability or prolonging its residence time in the cellular environment.

Taken together, our results extend current knowledge on thiazole derivatives as
ROS-modulating anticancer agents and demonstrate that polymer complexation can
significantly amplify their pro-oxidant activity in NK/Ly lymphoma cells. By clearly diffe-
rentiating the inert behavior of the free polymer Th3 from the enhanced ROS generation
induced by the Th4 complex, this study provides mechanistic evidence that polymer car-
riers may act not only as passive vehicles, but also as modulators of redox-dependent
antitumor effects. In a broader context, these data support the further development of
polymer-assisted formulations of thiazole derivatives and other redox-active small mole-
cules as promising, prospective approaches for targeted oxidative stress modulation in
hematologic malignancies.

CONCLUSIONS

A 2-amino-5-benzylthiazole derivative (BF1, 10 uM) significantly elevates intracel-
lular ROS levels in NK/Ly lymphoma cells at 30, 60, and 120 minutes, indicating robust
pro-oxidant activity and redox modulation as a key component of its antitumor mecha-
nism. Complexation of BF1 with the PEG-based polymer (Th4) enhances and prolongs
ROS accumulation in lymphoma cells, producing a greater increase in ROS than free
BF1 at all time points and showing a stronger positive correlation between incubation
time and ROS levels. These findings support the concept that targeted modulation of
oxidative stress is an integral part of the anticancer potential of thiazole derivatives
and justify further development of PEG-based polymer complexes of BF1 and related
redox-active small molecules as promising candidates for cancer therapy.
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YACO3AJEXHA MoaynAuiA BMICTY AKTUBHUX ®OPM OKCUTEHY
B KNMITUHAX JTIM®OMM 3A fli NOXIAHOIO TIA30J1Y TA UOIr0 KOMMIEKCY
3 NONIMEPHUM HAHOHOCIEM

SlpunHa LWWanai', Mapma Inbkie?, FOpili Koeans',

Bipa Byd3uH?, AHOpili Babcbkull'

" Jlbeiscbkuli HauioHanbHUl yHisepcumem imeHi lsaHa @paHka
syn. lpywescbkoeo, 4, Jlbeie 79005, YkpaiHa

2 [lbsiscbkuli OepxasHull yHisepcumem ¢hisuyHoI Kyrnbmypu imeHi leaHa 5obepcbko2o
syn. Kocmwuwka, 11, Jieeie 79007, YkpaiHa

O6rpyHTYyBaHHA. Tia30noBi HM3bKOMOSEKYMAPHI CMOMYKU PO3rnsgatoTb siK nep-
CMEKTUBHI NPOTUNYXIMMHHI KaHAWAATW, OCKINbKM BOHW 34aTHi MOpYyLUyBaTM OKUCHO-BIA-
HOBHWI BanaHc NyXNMHHUX KNITUH Ta iHOYKYBaTW OKUCHIOBANbHWUIA CTPeC i onocepen-
KoBaHy 3arvbenb KniTvH. BogHoyac nonimepHi Hocii po3pobnatoTb ANsi NOKpaLleHHs
OOoCTaBKW, CTabiNbHOCTI M NOCUNEHHSA BHYTPILLHBOKMAITUHHOI Ail 6i0NOriYyHO aKkTUBHUX
CMONyK, 04HaK ixHiv BAMMB Ha pegoKC-MOoAy oYy Aito Tia30MoBUX NOXIAHUX Y KIITUHAX
nimMoMuM 3anmLIaeTbCa HeOOCTAaTHBO BUBYEHUM. MeTO Liboro gocnigxeHHs 6yno oui-
HUTK, SK noxigHe 2-amiHo-5-6eHsunTiasony (BP1) Ta Noro koMnnekc i3 noniMepomM Ha
OCHOBI nonieTuneHrnikonto (Th4) BNNuBalTb HA NPOAYKLi0 akTUBHMUX hopm OKCUreHy
(ADO) y knitnHax nimcomn Hemeta—KennHepa (NK/Ly) 3 BMKOPUCTaHHAM BiflbHOrO
nonimepy (Th3) Ta pOTEHOHY SIK KOHTPOO.

Matepianu ta metogm. Knitunn NK/Ly, oTpyMaHi 3 aCUMTHUX MyXVH Y MULLEN,
iHKybyBanu 3 B®1, BinbHMM nonimepHum Hociem Th3 abo komnnekcom Th4 B ogHa-
KOBUX KOHLeHTpaLisix. Yepes 30, 60 Ta 120 xB iHKyOaLii BHYTPILUHBOKNITUHHUIA piBEHb
ADO ouiHoBan1 MetogoM dryopecUeHTHOI MIKpOCKOnii 3 BUKOPUCTaHHAM YyTINBOroO
0o A®O 3oHAa ourinpoeTnaito, a iHTEHCUBHICTb dpriyopecueHUIT KinbKiCHO aHanidysanm
3a 4OMOMOroK nporpamHoro 3abesneyeHHs. BigMiHHOCTI M rpynamu Bu3Havanu 3a
OOMOMOTOK0 CTaHOAPTHUX CTaTUCTUYHUX TECTIB, a KopensuiiHMin aHani3 3acTocoByBanu
ONS OLiHKM 3B’A3KY MiX TpmBanicTio iHkybauii Ta piBHem APO.

Pesynbratu. O6pobka knituH B®1 cnpuunHana gOCTOBipHe, Yaco3anexHe nig-
BULLEHHA BHYTPILUHBbOKNITUHHOIO piBHA APO MOPIBHAHO 3 iHTAKTHUM KOHTPOSEM, LLO
BKasye Ha edpeKTMBHE NMOCUMEHHSA OKMCHIOBANbHOMO CTpecy B KAiTUHaX niMomu Lmm
TiazonoBum noxigHnmM. BinbHuin nonimep Th3 He 3ymoBntoBaB CyTTEBUX 3MiH piBHS APO
Ha >XOOHOMY 3 YacOBUX iHTepBanis, LLO MiATBEPOXKYE MOro porib SIK iHEPTHOrO HOCIS.
HaTomicTb y kniTuHax, iHkyOoBaHux i3 komnnekcoM Th4, Ha BCix TepmiHax iHKybaLii
peecTpyBanu Oinbll BupaxeHe nigsuweHHs APO, Hixx 3a gii BO1 y BinbHi dopmi.
KopensuinHuii aHania BMSIBMB MOMiIPHUA MO3UTMBHUIA 3B’A30K MiXK TpMBanicTio iHKyba-
uii Ta piBHem A®O ana B®1 i cunbHIWMN NO3NTUBHUIN 3B’A30K Ans Th4, wo Bka3sye Ha
NMOCUNEHHS Ta nponoHradito HakonnyeHHa ADO y NyXMMHHUX KNiTUHaX 3a YMOB KOMIM-
NEKCOYTBOPEHHS 3 MOriMepomMm.

BucHoBku. loxigHe 2-amiHO-5-GeH3unTiazony icToTHO nigBuwye piBeHb ADO
y KniTMHaxX niMcomMu, a MOro BKIOYEHHST OO CKnady MOoniMepHOro KOMnnekcy goaar-
KOBO MigCUMOE Len NpooKenaaHTHUM edpekT. OTpumaHi pesynsratv AEMOHCTPYHOTb, Lo
akTuBaLis yTBopeHHss APQO € KIo4YOoBOK CKMadoBOK MPOTUMYXIIMHHOI Aii Tia3010BOoro
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noxigHoro, To4i ik noniMmep-onocepenkoBaHa OCTaBKa MigBULLYE NOro pegoKC-MOAYIHo-
toumnn noteHuian. MNocunexe yrBopeHHs APO 3a fii komnnekcy obrpyHToBye nogarnbLue
BUBYEHHS KOMMIEKCIB Tia30M10BMX MNOXiAHMX 3 NONIMEPHUMU HOCISIMUY SIK KaHAWOATIB Ans
Tepanii NyxmvH CNpsiMOBaHOK MOAYMALIE OKUCHIOBArIbHOrO CTPECY.

Knroyoei crioea: nimoma, noxigHe Tiazony, noniMepHUnHOCIRN, NONieTUNEHrNikonb,
akTuBHi popmun OkcureHy
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