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Activity of antioxidant enzymes in hepatocytes of mice with lymphoma
under the action of thiazole derivative in complex with polymeric nanocarrier
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Many chemotherapeutics drugs have low water solubil-
ity, which potentially can decrease their anticancer potential.
The use of drug delivery systems has proven to be highly ef-
fective in addressing the challenges associated with delivering
hydrophobic chemotherapy drugs to tumor tissues. However,
two major issues that arise in the clinical nanoparticle-based
treatment of cancer are hepatotoxicity and suppression of the
hematopoietic system, which can limit their medical applicability.
As previously established, thiazole derivative N-(5-benzyl-
1,3-thiazol-2-yl)-3,5-dimethyl-1-benzofuran-2-carboxamide
in complex with polymeric nanocarriers (nanomicelles) based
on polyethylene glycol exhibited a greater level of cytotoxicity
towards specific tumor cell ines melanoma, glioblastoma, hepato-
carcinoma, leukemia, etc. This compound and its complexes
with polymeric nanomicelle significantly changed the activity of
antioxidant enzymes in lymphoma cells. Therefore, the purpose
of this study was to examine the impact of a thiazole derivative
with polymeric nanomicelles based on polyethylene glycol on
the hepatocytes (liver cells) of mice that had been implanted
with Nemet-Kelner lymphoma. The investigated compounds
thiazole derivative, polymeric nanomicelle, and combination
of thiazole derivative with nanomicelle at a final concentration
of 10 uM were added to the liver samples and incubated for
10 min. The activity of antioxidant defense system enzymes
such as superoxiddismutase, catalase, glutathionperoxidase
was determined in liver homogenate under the action of stud-
ied compounds in vitro. It was reported that neither thiazole
derivative, nanomicelle, nor their complex changed the activity of
antioxidant enzymes in hepatocytes from mice with lymphoma.
Thiazole derivative and it complex with nanomicelle had limited
negative side effects in the mice with lymphoma. The investigated
compounds were not hepatotoxic toward murine liver cells.

Key words: antitumor drugs, nanomicelle, hepatotoxicity,
antioxidant system

Introduction

In the ever-evolving battle against cancer, the devel-
opment of powerful chemotherapeutics anticancer drugs
has been an instrument for extending survival rates and
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improving the life quality for countless patients. While
these potential anticancer agents hold potential in target-
ing malignant cells, their impact on healthy tissues cannot
be overlooked. Among the vital organs affected, the liver,
the central organ in both metabolism and detoxification,
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stands particularly vulnerable [10, 18]. Understanding the
complicated interaction between anticancer drugs and
liver cells is crucial for optimizing treatment strategies
and minimizing potential side effects. Different chemo-
therapeutic anticancer drugs can have varying effects on
healthy liver cells. Anthracycline drugs, such as Doxorubi-
cin and Daunorubicin, are widely used in cancer treatment
but can lead to hepatocellular injury, causing hepatocyte
damage and impairing liver function [18, 21]. The mech-
anism of toxicity involves the generation of reactive oxy-
gen species (ROS) and interference with mitochondrial
function. Taxanes, such as Paclitaxel and Docetaxel, can
lead to hepatocellular injury, resulting in liver enzyme ele-
vations and hepatotoxicity [14, 21]. The underlying mech-
anisms involve interference with microtubule function and
disruption of cell division. Tyrosine kinase inhibitors, such
as Sorafenib and Imatinib, have a more selective mech-
anism of action compared to traditional chemotherapy,
but they also can cause hepatotoxicity, including elevated
liver enzymes activity and hepatic steatosis [1, 21]. Over-
all, the impact of chemotherapeutic anticancer drugs on
healthy liver cells can vary depending on the specific drug
and individual factors. Understanding these effects is cru-
cial for oncology to optimize treatment regimens, manage
potential liver toxicity, and provide supportive care to
patients undergoing cancer treatment.

Previous studies have demonstrated that thiazole
N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-1-benzofuran-
2-carboxamide (BF1) possesses a significant level of
toxicity towards some tumor cell lines, while exhibiting
no destructive effects on pseudonormal cell lines and
hepatocytes in NK/Ly mice [8, 19]. The possible anti-
cancer mechanism of action of the thiazole derivative
based on the generation of a large number of ROS,
which triggers a cascade of reactions in tumor cells that
lead to their apoptosis [11].

However, BF1, like many chemotherapeutics drugs,
has low water solubility, which potentially can decrease its
anticancer potential. Nanomicelles, also known as poly-
meric micelles, are self-assembled nanostructures com-
posed of amphiphilic block copolymers. These nanoscale
structures have a hydrophilic outer shell and a hydropho-
bic core [2]. The unique structure of nanomicelles enables
them to encapsulate hydrophobic anticancer drugs within
their hydrophobic core, thereby increasing the solubility of
these drugs. Thus, nanomicelles serve as effective drug
delivery vehicles by encapsulating hydrophobic antican-
cer drugs, improving their solubility, stability, and targeted
delivery to tumor tissues [16, 20]. This approach holds
great promise for enhancing the therapeutic efficacy
of anticancer drugs and reducing their side effects.

As previously established, thiazole derivative BF1
in complex with polymeric nanomicelles based on poly-
ethylene glycol (PEG) poly(PEGMA) (Th3) exhibited
a greater level of cytotoxicity towards specific tumor
cell lines compare to unconjugated BF1 or/and chemo-
therapeutic drug Doxorubicin and lead to apoptotic-like
changes in lymphoma cells [9].

It is important to note that nanomicelles can interact
with liver cells through several mechanisms, which can
impact their function and overall cellular response [4].
Nanomicelles can be internalized by liver cells through
endocytosis or receptor-mediated pathways. The nano-
micelles can influence the intracellular environment and
signaling pathways within liver cells. On the other hand,
nanomicelles can trigger cellular responses in liver cells.
Depending on their composition and properties, they
can activate signaling pathways, induce inflammatory
responses, or affect gene expression within the cells [5].
These responses can influence cellular functions and may
have implications for liver health and toxicity.

The aim this work was to study the effect of thiazole
derivative BF1 in complex with PEG-based nanomicelles
(Th3) on the prooxidant-antioxidant balance in hepato-
cytes of mice with grafted NK/Ly.

Materials and methods

All experiments were performed on white wild-type
male mice with a grafted NK/Ly lymphoma (n=10; body
weight 20-30 g). Manipulations with animals were carried
out under the principles of the “General Ethical Principles
of Experimentation on Animals” approved by the First
National Congress on Bioethics (Kyiv, Ukraine, 2001) and
“European Convention for the Protection of Vertebrate Ani-
mals used for Experimental and Other Scientific Purposes”
(Strasbourg, France, 1985) as well as approved by the
Ethics Committee of lvan Franko National University of Lviv,
Ukraine at the beginning of the research (Protocol no. 17-
02-2021 from 09.02.2021) and after the completion of the
study (Protocol no. 12-05-2023 from 5.05.2023). Mice were
housed in a standard vivarium under typical laboratory
conditions with constant temperature on a mixed ration.

To initiate the mouse lymphoma tumor 0.15-0.2 mL
of ascite of (15-20%10°¢ of NK/Ly cells) were injected in-
traperitoneally. To extirpate the liver, the animals were de-
capitated under ether anesthesia, after which the organ
was quickly excised. After removal, the liver was weighed
and washed from blood with a cooled solution of the
following composition (in mM): NaCl — 140, KCl — 4.7,
MgCl, — 1, glucose — 5, HEPES — 10; pH 7.4. The liver
was crushed using a metal press, solution was added in
the ratio of 8 ml of solution per 1 g of tissue, and cells were
destroyed in a Potter-Evelheim homogenizer at 800 rpm.
The initial 10 uM solution of thiazole derivative BF1 was
synthesized at the Department of Organic Chemistry of
Ivan Franko National University of Lviv and the homopoly-
mer of PEG-methacrylate with a molecular weight of the
PEG-unit 475 kDa (poly(PEGMA) (Th3)) were synthe-
sized at the Department of Organic Chemistry of the Lviv
Polytechnic National University, as described earlier [8,
15]. Water dispersions of polymeric nanomicelle (PN) —
Th3 and its complex with the BF1 (Th4) derivative was
dissolved in dimethyl sulfoxide (DMSO) and the solutions
were subsequently transferred in water.

bionoeis meapuH, 2023, 1. 25, N3



Omeliukh B., Shalai Ya., Bura M. et al. Activity of enzymes in hepatocytes of mice with lymphoma under thiazole derivative with polymeric nanocarrier

Catalase (CAT) activity was measured by the meth-
od of Hamza et al. [7] with an absorption wavelength of
410 nm and was expressed in nmoles of H,O,/minxmg
of protein. Superoxide dismutase (SOD) activity was
measured by the method of Paoletti et al. [17] and was
expressed as unit active/minxmg protein. Glutathione
peroxidase (GPx) activity was measured by the method
of Hadwan et al. [6] with an absorption wave length of
412 nm and was expressed in G—SH/minxmg of protein.
Protein concentration in every sample was determined
by the method of O. Lowry et al. [13].

The statistical analysis of the results was made and
illustrated using MS Excel-2013 and Statistica programs.
All experiments were repeated 5 times in each variant.
All data are presented as a meantSD. To determine
statistically significant differences between the means
of independent investigation groups, the one-way anal-
ysis of variance (ANOVA) was used. Statistical analy-
ses were performed using t-test. P values below 0.05
were considered as statistically significant.

Results and Discussion

Since the redox balance in the cells of the body sig-
nificantly changes during the development of a tumor,
a change in the antioxidant enzymes activity should be
expected. Therefore, the superoxide dismutase in the liver
cells of a tumor-bearing mouse was investigated. Fig. 1
shows the changes in the SOD activity under the action of
BF1, nanomicelle Th3 and complex Th3 with BF1 (Th4).
Control levels of the enzyme activity in the liver of tumor-
bearing mice were 5.9+0.85 units active/minxmg protein.
Under the action of tested compounds, the enzyme activity
in the liver of tumor-bearing mice did not change.

Because H,0, is the product of SOD activity, the nor-
mal functioning of other enzymes that neutralize hydro-
gen peroxide is important. Therefore, we tested the ef-
fect of the studied compounds on the activity of CAT and
GPO. Fig. 2 shows the changes in catalase activity under
the action of BF1, nanomicelle Th3 and complex Th3 with
BF1 (Th4). Control levels of enzyme activity in the liver
of tumor-bearing mice were 14+1.4 nmol H,O,/minxmg
protein. Tested compounds did not change the activity
of the enzyme.

Disposing of the increased amount of H,O,, in addition
to the CAT, is also carried out by the GPx. This enzyme
has a greater affinity for hydrogen peroxide than CAT.
GPx functions more efficiently at low H,O, concentra-
tions, while CAT is more efficient at high substrate con-
centrations during the development of oxidative stress.

Fig. 3 shows the changes in GPx activity under the
action of BF 1, nanomicelle Th3 and complex Th3 with
BF1 (Th4). Control levels of GPx activity in the liver of
tumor-bearing mice were 8.1+0.7 nmol GSH/minxmg
protein. Under the action of both tested compounds,
the activity of the enzyme in the liver of tumor-bearing
mice did not change.
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Fig. 1. The level of SOD activity in the liver of tumor-bearing mice
under the action of thiazole derivative BF1, polymeric nanomicelle Th3
and complex of BF1 with Th3 (Th4) (Mtm, n=5)
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Fig. 2. The level of CAT activity in the liver of tumor-bearing mice
under the action of thiazole derivative BF 1, polymeric nanomicelle Th3
and complex of BF1 with Th3 (Th4) (Mtm, n=5)
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Fig. 3. The level of GPx activity in the liver of tumor-bearing mice
under the action of thiazole derivative BF 1, polymeric nanomicelle Th3
and complex of BF1 with Th3 (Th4) (M+m, n=5)

One of the main problems of chemotherapy treatment
is side effects, when anticancer drugs negatively affect
healthy cells, in particular, hepatocytes. Since the liver is
the main detoxifying organ in humans and animals and
plays an important role in the elimination of drugs from
the body, changes in the antioxidant processes of in liver
cells due to the action of newly synthesized antitumor
substances may indicate negative side effects that often
occur due to use of such substances.

Many chemotherapeutic drugs have a low selective
effect and therefore provoke significant side effects.
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Side effects of cytostatics, such as cardiotoxicity, hepato-
toxicity, neurotoxicity, nephrotoxicity, and effects on the
immune system are especially dangerous. The effect
on the liver of antitumor substances can significantly
damage the functioning of the organ and the body.

It was previously established that thiazole derivative
BF1 and its complexes with PNs significantly changed
the activity of antioxidant enzymes in lymphoma cells
[11]. In particular, the activity of SOD increased, while
the activity of CAT and GPx decreased. Such changes
indicate an imbalance of enzyme activity in cancer cells
under the action of antitumor substances. Therefore,
antioxidant processes are involved in the mechanism
of action of BF1 in a complex with polymer carriers.
Interestingly, it was the complex Th4 that demonstrat-
ed the greatest effect. Therefore, it was important to
investigate the effect of the studied compounds on the
antioxidant enzymes activity in liver cells.

Hepatotoxicity, a commonly observed clinical man-
ifestation associated with various anticancer treatments
such as chemotherapy [10], is often accompanied by
the accumulation of certain nanomaterials in the liver,
leading to liver injury [21]. The primary manifestation
of toxicity observed in cells or animal models exposed
to different therapeutic drugs and nanomaterials is the
induction of oxidative stress, which disrupts the balance
between prooxidants and antioxidants [21].

A study conducted on murine hepatocytes revealed
that the thiazole derivative BF1 did not induce oxidative
stress or alter the levels of primary and secondary lipid
peroxidation (LPO) products, namely hydroperoxides
and TBA-positive products [21]. Similarly, the adminis-
tration of unconjugated PN Th3 or its complex with BF1
(Th4) did not affect the levels of LPO products in
hepatocytes of mice with grafted NK/Ly tumors (data not
shown). However, a decline in the activity of antioxidant
enzymes such as GPx, SOD, and CAT is associated
with an altered oxidative status and reduced oxidative
defenses [2]. Nevertheless, it was observed that neither
BF1, PN, nor their complex Th4 altered the levels of
antioxidant enzymes in hepatocyte cells derived from
mice with NK/Ly tumors.

Based on our data, it can be inferred that significant
hepatotoxicity is unlikely to occur with the administra-
tion of the BF1+PN complex, which exhibits a more
pronounced therapeutic effect compared to unconju-
gated BF1.

Therefore, the BF1 complex with a polymer nano-
micelle, which shows toxicity to cancer cells, did not
affect the activity of antioxidant enzymes in the liver
cells of tumor-bearing mice in vitro. It is also known that
these complexes were not toxic to non-tumor human
kidney cell lines and keratinocytes [9]. However, further
research is needed to ensure the safety of these sub-
stances. It is important to examine additional parame-
ters, including the activity of other antioxidant enzymes
and levels of peroxidation products in vivo, to obtain
a comprehensive assessment of their effects.
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AKTUBHICTb aHTUOKCUAAHTHMX €H3MMIB Yy renatouuTax muiuen 3 nimcgpomoro
3a aii noxigHoro Tiaszony B KOMMNeKci 3 nofliMepHUM HaHOHOCIEM
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JIbBiBCbKMI HaLiOHaNbHWUI yHIBEpCUTET iMeHi IBaHa ®paHka, Byn. Ipywescbkoro, 4, M. JIbeiB, 79005, YkpaiHa
2HauioHanbHui yHiBepcuTeT «JIbBiBCbKa nomnitexHikay, nn. Ce. Opa, 9, m. JlbeiB, 79013, YkpaiHa

BaraTo ximioTepaneBTMYHMX NpenapaTiB MalTb HU3bKY PO3YUHHICTE Y BOZ, WO MOTEHLINHO MOXE 3HU3UTU IXHI NPOTUNYXIMHHWIA
noTeHuian. BukopuctaHHs cucteM LOCTaBKM MikiB BUSIBUIIOCS BUCOKOEEKTUBHIUM Y BUPILLEHHI Npobnem, NoB’A3aHmX i3 nocTavyaHHAM
rigpodobHMX XimioTepaneBTUYHNX NpenapariB A0 MyXMHHUX TKaHWH. OgHak ABOMa OCHOBHUMYM Npobnemamu, siki BUHMKaloTb 3a KMiHiY-
HOTO MiKyBaHHS paKy 3 BUKOPUCTaHHAM HaHOYaCTUHOK, € reNaToTOKCUYHICTb i NPUrHIYEHHST KDOBOTBOPHOI CUCTEMM, LLIO MOXE 0OMEXUTH
X Mean4yHe 3acTocyBaHHs. PaHile BCTaHOBNEHO, Lo noxigHe Tiaszony N-(5-6eH3nn-1,3-Tia3on-2-in)-3,5-gumetun-1-6eHsodypaH-2-
Kapbokcamig y KoMnnekci 3 noniMepHUMMN HaHOHOCIAIMU (HAaHOMILLeNnaMm) Ha OCHOBI NMONIETUIEHINIKOMI0 AEMOHCTPYBaro NigBULLEHNIA
piBEHb LIMTOTOKCUYHOCTI LOAO cneuundivHnX NiHid NyXNMHHUX KNITUH MenaHomu, rmiobnactoMu, renatokapLuyuHOMU, NERKO3Y TOLLO.
Lla cnonyka Ta i koMnnekey 3 noniMepHMMM HaHOMILIENaMU iICTOTHO 3MIHIOBaIM aKTUBHICTb aHTUOKCUAAHTHUX EH3UMIB Y KIiTUHAX NiMdomu.
ToMy MeTOI0 LbOro AocrnigXeHHs1 6yrno BUBYMTM BMMMB NOXiAHOrO Tia3ony y KOMMMEKCi 3 NoNiMepHMMY HaHOMILLenaMu Ha OCHOBI
nonieTUNEHrNIKomnio Ha renatoumuTy (KNiTUHW NeYiHKK) MULLEN, sikuM Byno imnnaHToBaHo nimgomy Hemet-KenHepa. Knituiu nimcomm
HewmeT-KenHepa npviiennioBan METOAOM BHYTPILLHbOYEePEBHOT iIHOKYNsLjii. Ha 14—16- AeHb po3BUTKY MyXNIMHW MULLEN HAapKOTM3yBa-
nn aieTmnoBum edipoM, AekaniTyBanu, BUAANSAnu neviHky Ta romoreHidyBanu. [JocnimkyBaHi cnonyku — noxigHe Tiasony, nonimepHa
HaHoMiLena Ha OCHOBI NMONIETUMNEHINIKOMI0 Ta KOMNIEKC NOXiAHOro Tia3ony 3 HAHOMILLENOHO B KiHLEBIN KoHueHTpauii 10 mkM — fonasa-
N1 0o 3paskiB NeviHkM Ta iHkyOyBanu npotsirom 10 xB. Y romoreHari nevdiHkv nig Aieto JocnimKyBaHUX CNonyk in vitro BU3Ha4anu aktme-
HICTb TaKMX EH3UMIB CUCTEMM aHTUOKCUAAHTHOIO 3aXMCTY, siK CyrnepokcuaaMcMyTasa, katanasa, rmyTaTioHnepokcvaasa. BeraHoeneHo,
Lo Hi noXxigHe Tia3ony, Hi HaHOMiILena, Hi IXHiN KOMNNEKC He 3MIHWUMN aKTUBHOCTI aHTMOKCUAAHTHUX EH3UMIB Y renatoumTax Muemn
3 nimdpomoto. [NoxigHe Tia3ony Ta oro KOMNEKC 3 HaHOMILenamy Manu obmMexeHi HeraTMBHI MOBIYHI eddekTn y MuLLen 3 NiMdomoto.
[ocnigxyBaHi cnomnyku He Bynu renaToTOKCUYHUMM LLOAO KIITUH NEYiHKN MULLEN.
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