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Background. Drug delivery systems (DDS) have demonstrated a significant ability
to overcome many of the challenges associated with the delivery of hydrophobic che-
motherapeutic compounds to tumor tissues. However, hepatotoxicity and suppression
of the hematopoietic system are the key problems in the clinical treatment of cancer by
nanoparticle-based DDS that can limit their medical exposure. The aim of this work was
to investigate the effect of thiazole derivative N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-
1-benzofuran-2-carboxamide (BF1) conjugated with PEG-based polymeric nanopar-
ticles (PEG-PN — Th1) on the hepatocytes and blood hematological parameters of mice
with grafted NK/Ly.

Materials and Methods. The experiments were conducted on white wild-type male
mice with grafted NK/Ly lymphoma. Investigated compounds BF1, PEG-PN Th1, and
combination of PEG-PN + BF1 (Th2) at a final concentration of 10 uM were added to
the liver samples and incubated for 10 minutes. The level of lipid peroxidation products
and the level of antioxidant defense system (AOS) enzymes were determined accord-
ing to the techniques described below. The cytological parameters of blood were inves-
tigated after the treatment of mice with BF1 in concentrations of 10 and 20 mg/kg,
PEG-PN (20 mg/kg) and Th2 complex (10 mg/kg). On the 14th day of the experiment,
blood was taken from all groups and the number of erythrocytes, leukocytes and leuko-
cyte formula were counted.
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Results. It was reported that neither BF1, PEG-PN, nor their complex Th2 changed
the content of lipid peroxidation products or the level of AOS enzymes in hepatocytes
from mice with NK/Ly. BF1 (in concentration 10 mg/kg) and PEG-PN + BF1 complex did
not change the level of murine erythrocytes compared to Doxorubicin. All investigated
compounds, except free PEG-PN, significantly decreased the NK/Ly-triggered leukocy-
tosis and increased the level of small lymphocytes. The NK/Ly lymphoma development
led to an increase in the number of neutrophils, while BF1 and its complex with PEG-PN
reduced it significantly.

Conclusions. BF1 and PEG-PN + BF1 complex had limited negative side effects in
the mice with NK/Ly. The investigated compounds were not hepatotoxic toward murine
liver cells. Both BF1 and its complex with PEG-PN did not cause any major side effects
on the murine blood cells.

Keywords: thiazole derivative, polymeric nanoparticles, drug delivery system,
hepatotoxicity, hematological parameters
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INTRODUCTION

Despite a significant efficacy of chemotherapy in the clinical treatment of different
types of cancer, many problems and limitation factors must be solved, including decreas-
ing cytotoxicity toward non-cancer cells, overcoming multiresistance, and improving
drugs solubility and selectivity (Cheng et al., 2021). To address these limitations and
achieve better cancer therapeutic efficiency, it is necessary to design a drug delivery
system (DDS) to combine chemotherapy compounds with nanocarriers. Nanoparticle-
based drug delivery systems demonstrate good pharmacokinetics, precise targeting of
cancer lesions, lessen side effects of chemotherapy, and reduce drug-related resistance
(Gavas, Quazi & Karpinski, 2021; Vieira, & Gamarra, 2016). There are several advan-
tages of DDS compared to “free” chemotherapeutic drugs, which suggests that it can
be utilized in cancer treatment. These include an increased permeability and improved
biocompatibility enabling passage through biological barriers, maintaining better speci-
ficity, bioavailability, longer half-life period, a decrease in cytotoxicity to normal tissue,
a larger loading capacity, and unique drug release patterns (Ahmed, Rehman & Tabish,
2022; Cheng et al., 2021). Polymeric NPs are especially used as DDS, which shows
a promising therapeutic potential.

However, like many chemotherapeutic drugs, some nanoparticles can induce nume-
rous side effects on the hematopoietic system, cause hepatotoxicity and cardiotoxicity.

The liver is the main organ of detoxification and is one of the organs that is most
exposed to NPs. Depending on the physicochemical parameters of NPs, they can
impact hepatic enzyme activities and induce inflammation, oxidative stress and geno-
toxicity processes (Cornu, Béduneau & Martin, 2020). Specifically, oxidative stress is
frequently reported to play one of the main roles in NPs-induced hepatotoxicity. Different
physicochemical properties of NPs are the main factors involved in NPs ability to cause
the increased production of reactive oxygen species (ROS) and, therefore, lead to tis-
sue oxidative damage by increasing lipid peroxidation (LPO) and reducing the level of
antioxidant defense system enzymes (Bostan et al., 2016).
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Cancer patients who receive chemotherapy commonly suffer from hematological
profile alteration, including decrement of WBC count and RBC count as a result of
suppressed hematopoietic stem cells and ineffective erythropoiesis (Wondimneh et al.,
2021). Blood is responsible for the transport of all DDS to their target tissues, and it is
important that researchers confirm the compatibility of engineered complexes of NPs
and chemotherapeutic agents with all cellular constituents of blood, namely erythro-
cytes and leukocytes (de la Harpe et al., 2019).This will ensure the optimum safety of
DDS and enhance its effectiveness in cancer treatment.

It was established that thiazole N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-1-
benzofuran-2-carboxamide (BF1) exhibited a high level of toxicity towards particular
tumor cell lines, while there were no toxicity effects on pseudonormal cells lines and
hepatocytes in mice with NK/Ly (Finiuk et al., 2017; Shalai et al., 2021). BF1 in com-
plex with PEG-based polymeric nanoparticles (poly(VEP-co-GMA)-graft-mPEG — Th1)
increased the cytotoxicity effect on tumor cancer cells, enhanced the apoptosis and
ROS generation of murine NK/Ly cells compared to unconjugated BF1 (Finiuk et al.,
2021; Popovych et al., 2021). However, the safety of BF1 in complex with PEG-PN has
not been studied yet.

Thus, the purpose of this work was to investigate the effect of thiazole derivative
BF1 conjugated with PEG-based polymeric nanoparticles (Th1) on the hepatocytes and
blood hematological parameters of mice with grafted NKI/Ly.

MATERIALS AND METHODS

All experiments were performed on white wild-type male mice with a grafted NK/Ly
lymphoma (n = 10; body weigth 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 Animals used for Experimental
and Other Scientific Purposes” (Strasbourg, France, 1985) as well as approved by the
Ethics Committee of Ivan Franko National University of Lviv, Ukraine at the beginning
of the research (Protocol No 17-02-2021 of 09.02.2021) and after the completion of the
study (Protocol No 17-12-2022 of 01.02.2022). Mice were housed in a standard vivar-
ium under typical laboratory conditions with constant temperature on a mixed ration.

To initiate the murine lymphoma tumor 0.15-0.2 mL of ascite of (15-20-10°¢ of NK/Ly
cells) were injected intraperitoneally. The abdominal drainage of ascite was performed
from anaesthetized mice with sterile syringe on 9-12 day after the inoculation. The initial
10 puM solution of thiazole derivative BF1 (full name: N-(5-benzyl-1,3-thiazol-2-yl)-3,5-
dimethyl-1-benzofuran-2-carboxamide) was synthesized at the Department of Organic
Chemistry of lvan Franko National University of Lviv and the PEGcontaining carrier
(poly(VEP-co-GMA)-graft-mPEG (Th1)) was synthesized at the Department of Organic
Chemistry of the Lviv Polytechnic National University, as described earlier (Finiuk et al.,
2017; Mitina et al., 2020). Water dispersions of polymeric carrier — Th1 and the complex
with BF1 derivative was dissolved in dimethyl sulfoxide (DMSO) and the solutions were
subsequently transferred into water (Th2).

To measure the activity of lipid hydroperoxides and TBA-positive products, liver cell
samples were frozen in a freezer chamber to -20 °C and subsequently used for inves-
tigation. The level of lipid hydroperoxides in the liver homogenate was determined by
the method based on precipitation of the protein with trichloroacetic acid, followed by

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2022 « Tom 16 / N2 4 e C. 19-32



22 M. V. llkiv, Ya. R. Shalai, Yu. V. Ostapiuk, N. E. Mitina, O. S. Zaichenko, A. M. Babsky

the addition of ammonium thiocyanate (Myronchyk, 1984). The content of TBA-positive
products was evaluated according to the amount of formed malonic dialdehyde (MDA)
(Timirbulatov & Seleznev, 1981). Protein concentration in every sample was determined
by the method of O. Lowry et al. (Lowri et al., 1951).

Catalase activity was measured by the method of M. A. Korolyuk et al. with an
absorption wavelength of 410 nm (Korolyuk et al., 1988). Superoxide dismutase (SOD)
activity was measured by the method of V. A. Kostyuk et al. and was expressed as unit
SOD/mg protein (Kostyuk et al., 1990). Glutathione peroxidase activity was measured
by the method of V. M. Moin with an absorption wave length of 412 nm (Moin, 1986).

The cytological parameters of blood were investigated after the treatment of mice
with BF1 in concentrations of 10 and 20 mg/kg, PEG-PN (20 mg/kg) and Th2 complex
(10 mg/kg). The drug doxorubicin was used as a positive control. Administration of the
compounds began the day after tumor inoculation and drugs were administered for 10
days (8 days for doxorubicin). On the 14th day of the experiment, blood was taken from all
groups and the number of erythrocytes, leukocytes and leukocyte formula were counted.

The statistical analysis of the results was made and illustrated using MS Excel-2013
and Statistica programs. All experiments were repeated five times in each variant. All
data are presented as a mean + SD. Statistical significance of the difference between
groups was determined with a one-way ANOVA (Bonferroni test). P values below 0.05
were considered as statistically significant.

RESULTS AND DISCUSSION

One of the major problems in the therapy of oncology diseases is the side effects
of current clinical drugs on healthy organs of patients, in particular, cardio-, nephro- and
hepatotoxicity. It is known that the liver is the main organ that provides metabolic, pro-
tective, and detoxification processes in the body (Joshi, Sodhi & Pandey, 2014; Ozer
et al., 2008). Therefore, it was important to investigate the processes of LPO and the
AOS system and study the potential negative effects of newly synthesized compounds
of thiazole derivative BF1 with PEG-based polymer nanoparticle Th1.

Figure 1 represents changes in the content of primary (hydroperoxides, Fig. 1A)
and secondary (TBA-positive products, Fig. 1B) lipid oxidation products in the liver cells
of tumor-bearing mice under the influence of thiazole derivative BF1, the PEG-PN Th1
and thiazole derivative complex with PEG-PN — Th2.

The control level of hydroperoxides in the liver cells of mice with lymphoma was
2.1+0.26 conventional units/mg of protein. It was found that neither thiazole derivative
nor its complex with PEG-PN (Th2) changed the content of hydroperoxides in hepato-
cytes of tumor-bearing mice (Fig. 1A). Thus, the studied substances do not affect the
level of primary products of lipid oxidation. However, hydroperoxides can quickly enter
into other redox reactions and form secondary products of lipid oxidation. Therefore, the
next task of the study was to determine the content of secondary lipid oxidation products
in the liver of tumor-bearing mice under the influence of the investigated compounds.

Figure 1B shows the changes in the content of TBA-positive products in the liver
cells of tumor-bearing mice under the influence of BF1, PEG-PN and the PEG-BF1
complex. The content of TBA-positive products in the liver cells of control mice was
0.61+0.05 pmol/mg of protein. None of the studied compounds significantly changed
the levels of secondary products of lipid oxidation in the liver cells of tumor-bearing mice
(Fig. 1B).
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Fig. 1. Effect of thiazole derivative (BF 1), unconjugated PEG-based polymeric nanoparticle (Th1) and comp-
lexes of BF1 with PEG-PN (Th2) on the level of hydroperoxides (A) and TBA-positive products (B) in
the hepatocytes of tumor-bearing mice. Mean + SD; n =5

It was previously established that thiazole derivative BF1 and its complexes with
PEG-PNs significantly changed the level of primary products of lipid oxidation and
superoxide radical and, as a result, affected the enzymes of AOS in lymphoma cells.
Therefore, it was important to investigate the effect of the studied compounds on the
AOS enzymes in liver cells.

Figure 2 shows the changes in the activity of superoxide dismutase (SOD), cata-
lase (CAT) and glutathionperoxidase (GPx) under the action of BF1, PEG-PN Th1 and
their Th2 complex.

Control levels of enzymes in hepatocytes of tumor-bearing mice were determined:
5.57+0.74 active units/min-mg of protein for SOD (Fig. 2A); 13.27+1.58 nmol H,0,/
min-mg of protein for CAT (Fig. 2B) and 7.86+0.84 nmol GSH/minxmg of protein for
GPx (Fig. 3C). The activity of any of the antioxidant defense system enzymes in the
liver of mice with lymphoma did not significantly change under the influence of any of
the investigated substances (Fig. 2). Thus, thiazole derivative BF1, PEG-PN Th1, and
its complex Th2 did not affect the level of lipid oxidation products and the activity of anti-
oxidant defense enzymes in the liver cells of tumor-bearing mice with NK/Ly lymphoma.

An important indicator of the chemotherapeutic drugs safety is the study of blood
parameters, namely determination of the leukocyte formula and calculation of the total
number of erythrocytes and leukocytes.

It was established that doxorubicin significantly caused anemia in tumor-bearing
mice, reducing the number of erythrocytes by 27.6 % (6.3+0.3-10%mL) compared to
control mice without lymphoma (8.7+0.6-10%mL). The studied compound BF1 at a con-
centration of 20 mg/kg slightly reduced the number of erythrocytes by 10.3 %, but at the
concentration of 10 uM this effect was neutralized compared to control value. PEG-PN
Th1 and its complexes with BF1 (Th2) did not lead to changes in the number of erythro-
cytes compared to the control. BF 1 in both concentrations and its complex with PEG-PN
significantly increased the number of erythrocytes in mice blood compared to Dox (by
26%,P <0.001).

Progression of NK/Ly lymphoma in mice led to leukocytosis and increased the
number of lymphocytes 1.8-fold compared to these indicators in the blood of healthy
animals (6.8+0.3-10%/mL). The antitumor drug Dox significantly reduced leukocyte count
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by 25 % compared to control values (P<0.01). Unconjugated BF1 at both tested con-
centrations (10 and 20 mg/kg), as well as complex Th2, significantly reversed leukocy-
tosis caused by tumor growth.

A

oo}

a.u./min x mg of protein
o = N W b OO O N ©
nmol of H,O,/min x mg of protein

Control BF1 Th1 Th2 Control BF1 Th1 Th2

10 1

nmol GSH/min x mg of protein

0 - T T T |
Control BF1 Th1 Th2

Fig. 2. Effect of thiazole derivative (BF 1), unconjugated PEG-based polymeric nanoparticle (Th1) and comp-
lexes of BF1 with PEG-PN (Th2) on the activity of superoxide dismutase (A), catalase (B) and gluta-
thionperoxidase (C) in the hepatocytes of tumor-bearing mice. Mean + SD; n =5

The next stage of the study was to analyze the percentage ratio of different types
of leukocytes in tumor-bearing mice that were treated with the compounds and com-
pare them with the ratio of lymphocytes of healthy mice and tumor-bearing mice that
were not treated (Fig. 3). It was found that in mice with NK/Ly, the number of seg-
mented neutrophils increased more than two-fold compared to healthy mice (57.1+2.7%
and 27.9+1.8%, respectively, P <0.001). All studied compounds, except unconjugated
PEG-PN, neutralized this effect and significantly reduced the number of segmented
neutrophils compared to untreated tumor-bearing mice. However, only Dox and Th2
complex returned the number of segmented neutrophils almost to control values, while
unconjugated BF1 in both concentrations slightly increased this indicator (by 29%,
P <0.05).

Progression of NK/Ly caused an increase in a number of segmented neutrophils
in the blood of tumor-bearing mice and led to a decrease in the level of small lympho-
cytes by 55 % compared to control animals (26.1£1.9 %, and 57.91£3.1 %, respectively,
P <0.001). Doxorubicin, BF1 at concentrations of 10 and 20 mg/kg, and Th2 complex
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Fig. 3. Effect of thiazole derivative (BF1), unconjugated PEG-based polymeric nanoparticle (Th1) and com-
plexes of BF1 with PEG-PN (Th2) on segmented neutrophils, small lymphocytes and monocytes in
the blood of tumor-bearing mice. Mean + SD; n =5, *— P <0.05; ** - P <0.01; *** — P <0.001 compared
to healthy control; # — P <0.05; # — P <0.01; #* — P <0.001 compared to NK/Ly (untreated tumor-
bearing mice); @ — P <0.05; @@ — P <0.01; @@@ — P <0.001 compared to Dox
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significantly increased the number of small lymphocytes by 78.4 %, 77.1 %, 73.3 %, and
93.7 %, respectively, compared to untreated tumor-bearing animals (P <0.001).

The monocytes count has increased under the action of doxorubicin and BF1 in
concentrations of 10 and 20 mg/kg in the blood of tumor-bearing mice by 86.2 %, 30.1 %
and 50.6%, respectively, compared to intact animals (P <0.05, P <0.01, P £0.001). The
Th2 complex did not induce monocytosis in NK/Ly lymphoma mice compared to con-
trols and effectively normalized monocytes count compared to Dox.

The number of banded neutrophils increased in untreated mice with lymphoma,
as well as under the action of unconjugated PEG-PN and BF1 at concentrations of 20
mg/kg by 47 %, 58 % and 29.9 %, respectively (P <0.05), compared to control values
(3.310.3 %). Doxorubicin, BF1 at a concentration of 10 mg/kg and the Th2 complex did
not affect the number of banded neutrophils in tumor-bearing mice compared to healthy
animals.

The number of large lymphocytes did not change either in untreated tumor-bearing
mice or in animals with lymphoma treated with the investigated compounds compared
to intact mice.

The effects of doxorubicin (Dox), PEG-based polymeric nanoparticles (Th1), thiazole
derivative (BF1) and thiazole derivative complex with polymer nanoparticles (Th2)
on the number of erythrocytes, leukocytes and leukocyte blood formula of mice with
NK/Ly lymphoma on the 14th day after tumor inoculation (M£SD)
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Dox (1 mg/kg) 5.1+0.4*  6.3%0.3*** 33.9+2.0* 3.620.3 46.5+2.6™# 7.0+0.4 9.0+0.7***

HECHE L 10.5+0.9***  8.0+0.5  49.8+2.1** 5.2+0.4* 31.0£2.1*** 8.0+0.5 5.9+04
(20 mg/kg)

BF1 (10 mg/kg) 5.9+0.3%#@  7.8+0.5%*  36.1+1.7* 4.1£0.4 46.2+2.5*## 73+0.5 6.310.4*@
BF1 (20 mg/kg) 5.8+0.3*%@ 8.7+0.6*** 36.9+1.6* 4.3+0.4* 452+23** 6.3+0.4 7.3+0.5**

Complex Th2

6.5+0.4%%@@ 8 5+0.5% 33.0+1.2% 4.0+0.3 50.5+2.7*% 6.6+0.4 5.8+0.4@@
(10 mg/kg)

Comments: Mean = SD; n = 5; * — P <0.05; ** — P <0.01; *** — P <0.001 compared to healthy control; # —
P <0.05; # — P <0.01; ¥ — P <0.001 compared to NK/Ly (untreated tumor-bearing mice); @ —
P <0.05; @@ — P <0.01; @@@ — P <0.001 compared to Dox

DISCUSSION

In the last few decades, the development of DDS has enabled the development
of many pharmaceutical products into successful anticancer therapies. This delivery
technology of chemotherapy agents substantially influenced bioavailability of medicine,
improving the solubility of drugs, controlling their release, broadening their activity, and
adjusting their pharmacokinetics (Ahmed, Rehman & Tabish, 2022; Cheng et al., 2021;
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Gavas, Quazi & Karpinski, 2021). However, in recent years, many studies showed spe-
cific organ toxicity of these substances, especially of the liver, heart and blood.

Hepatotoxicity is a common clinical indicator that is associated with a range of
anticancer therapies including chemotherapy (Mudd & Guddati, 2021). Besides, many
nanomaterials have been described to accumulate in the liver and induce liver injury
(Vilas-Boas & Vinken, 2021). The induction of oxidative stress that affects the prooxi-
dant-antioxidant balance is the manifestation of toxicity most frequently reported follow-
ing exposure of cells or animal models to different therapeutic drugs and nanomaterials
(Vilas-Boas & Vinken, 2021).

It was found that thiazole derivative BF1 did not cause oxidative stress and did not
influence the amount of primary and secondary LPO products (hydroperoxides and TBA-
positive products, respectively) in BF1-treated murine hepatocytes. The change in the
amount of LPO products was not recorded under the influence of either unconjugated
PEG-PN Th1 or its complex with BF1 — Th2 in hepatocytes of mice with grafted NK/Ly.

However, an altered oxidative status and decreased oxidative defenses can also be
observed as GPx, SOD, and CAT levels decrease (Bostan et al., 2016). It was reported
that neither BF1, PEG-PN nor their complex Th2 changed the level of AOS enzymes in
hepatocytes cell lines from mice with NK/Ly.

This data may indicate the absence of significant hepatotoxicity in the application of
complex BF1+PEG-PN with a more pronounced therapeutic effect compared to uncon-
jugated BF1.

Nanoparticles and their complexes with therapeutic agents can interact with the
hematopoietic system that is responsible for leukocyte and erythrocyte production and
with the mononuclear phagocyte system. The DDS approach requires the nanodrugs to
have a long half-life, which can be difficult to achieve because they are mostly rapidly
eliminated through complement activation and phagocytes.

The coating of nanocarriers with hydrophilic polymers, such as PEG, can increase
the blood circulation time of nanodrugs (van Leent et al., 2022). However, it can provoke
or enhance the side effects of these agents on the hematopoietic system and circulating
blood cells. Hemocompatibility testing is one of the main steps in the evaluation of inter-
actions between DDS and the different components of blood to determine if any side
effects may arise from the exposure of these foreign materials to blood (de la Harpe
et al., 2019). One of the effective ways to study the safety of a drug is an estimation of
the number of red and white cells, and their percentage ratio.

Progression of NK/Ly lymphoma in mice led to leukocytosis and caused an increase
in the number of lymphocytes. It is known that an increase in the total number of leuko-
cytes in the blood is a characteristic sign of the inflammatory process caused by tumor
growth (Chmielewski & Strzelec, 2018). The antitumor drug Dox significantly reduced
the number of leukocytes and caused leukopenia in NK/Ly mice. The investigated com-
pound BF1 and its complex normalized the number of lymphocytes and did not cause
leukopenia, as was the case during treatment with Dox.

Under the action of doxorubicin and BF1, the growth of monocytes in the blood of
tumor-bearing mice was recorded. An increased number of monocytes is an immune
reaction of the body in numerous pathologies. In addition, monocytosis under the action
of some antitumor drugs is explained by their powerful proapoptotic effect, resulting in
the formation of a large number of apoptotic bodies. Considering the fact that mono-
cytes are the precursors of macrophages, whose function is, in particular, to phagocytize
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apoptotic bodies, the growth of monocytes in the blood of mature animals under the
action of antitumor compounds can be considered a normal reaction of the body (Kiss
et. al., 2020). The Th2 complex did not induce monocytosis in NK/Ly lymphoma mice
compared to controls and effectively normalized monocyte count compared to Dox.

The maijor limitations of the study were: 1) the lack of data on the dosages and the
trough levels of thiazole derivative BF1 and PEG-PN Th1 were not captured; 2) small
sample size (5 mice/group) and the absence of a longer follow up so that no conclusion
can be drawn about long term treatment. In future, experiments must be conducted with
a view to generalising results with a longer follow up to assess the recurrence and long
term reproductive outcome.

Thus, thiazole derivative BF1 showed a weaker toxic effect than the known antitu-
mor drug doxorubicin, and the number of erythrocytes in the blood of mice with NK/Ly
lymphoma treated with BF1 and its complex with PEG-PN remained at the control level.
The progression of lymphoma in mice led to an increase in the total number of leuko-
cytes and segmented neutrophils in particular, however BF1 and its complex with the
polymer carrier PEG-PN significantly reduced the number of these cells and showed an
immunomodulatory and protective effect on the hematopoietic system of tumor-bearing
animals. In addition, Th2 complex normalized the number of segmented neutrophils
almost to the control level.

The data described above indicate that the investigated PEG-PN is not only safe
for non-cancer cells but also improves the therapeutic effect of BF1.

CONCLUSION

Thiazole derivative BF1 in complex with PEG-based polymeric nanoparticle Th1
did not induce hepatotoxicity, had a less cytotoxic effect on blood hematological param-
eters compared to Dox, and showed an immunomodulatory and protective effect on the
circulating blood cells in mice with grafted NK/Ly.
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AHANI3 NPO®IIO BE3MEKU NOXIAHOIO TIA301Y | KOO KOMMJEKCY
3 NEr-sMiCHMMU NONIMEPHUMW HAHOYACTUHKAMWM HA NEYIHKY
TA KNITUHW KPOBI MULLIEA-NYXMUHOHOCIIB

M. B. Inbkie', S1. P. Lanad', FO. B. Ocmamn’ok’,

H. €. Mimina?, O. C. 3aiveHko?, A. M. Babcbkull'

' Jlbeiecbkull HayioHanbHUl yHigepcumem imeHi leaHa ®paHka
gyr. [pywescbkoeo, 4, Jlbeie 79005, YkpaiHa

2 HauioHanbHul yHisepcumém “ITbeiecbka nomiméxHika”

nn. Cessimoeo KOpa, 9, Jlbeie 79013, YkpaiHa

O6rpyHTyBaHHA. Cuctemn gocraeku nikis (COJ1) npoaeMoHCTpyBany BUPILLEHHS
6aratbox npobnem, NoB’a3aHnX 3 4OCTaBKO rigpodobHMX XiMioTepaneBTUYHUX CMONYK
00 NYyXJITMHHUX TKaHUH. OgHaK renaToTOKCUYHICTb | MPUTHIYEHHSA KPOBOTBOPHOT CUCTEMM
€ KITHYOBMMY NpoBneMamMm B KNiHIMHOMY MiKyBaHHI paky 3a gonomMoroto CJ1 Ha OCHOBI
HaAHOYaCTMHOK, LLIO MOXe 0OMEXUTU TXHE MeanyHe BUKopUCTaHHsA. MeToto uiei poboTtu
6yno gocniguTn gito noxigHoro Tiasony N-(5-6eHs3un-1,3-tiazon-2-in)-3,5-gumetun-1-
6eH3odypaH-2-kapbokcamigy (BF1), koH’toroBaHoro 3 [MEIM-BmicHMMK noniMepHUMM
HaHo4acTuHkamu (PEG-PN — Th1) Ha remaTounTn Ta remMaTosiorivyHi napameTpu KpoBi
mMuLen i3 nimcomoro NKi/Ly.

Matepianun ta Metoan. EkcnepumeHTn BMKOHyBanu Ha 6innx muwax camusax
avkoro Tuny 3 npuwenneHoto nimgomoto NK/Ly. JocnigpkysaHri cnonykn BF1, PEG-PN
Th1 ta komnnekc PEG-PN + BF1 (Th2) y kiHueBin koHueHTpauii 10 mkM gogasanu go
3pa3kiB MeviHkn i iHkyOyBanu Bnpogosx 10 xB, MiCNs YOro BM3Hayanv BMICT MpoayK-
TiB NEPEKNCHOTO OKWUCMEHHS MiMidiB N aKTUBHICTb (PepMEHTIB CUCTEMU aHTUOKCUOAHT-
Horo 3axucTty (AOC) BignoBigHO OO MeTodiB, onucaHux Hkve. OKpiM TOro, OOCHimKy-
Banu LMUTOMOriYHI MOKa3HWKM KpoBi nicnga nikyBaHHA muwwen BF1 y koHueHTpauigx 10
i 20 mr/kr, ME-MNH (20 mr/kr) i Th2 komnnekcy (10 mr/kr). Ha 14-1y go6y gocnigy B ycix
rpyn Bigbwupanu 3pasku KpoBi Ta NigpaxoByBanu KiNbKiCTb epuUTPOLMUTIB, NENKOLMTIB
i nenkoumnTapHy opmyisy.

PesynbtaTtu. BctaHoeneHo, wo Hi BF1, Hi PEG-PN, Hi ixHin komnnekc Th2 He 3mi-
HIOBanu BMIiCT NPOAYKTIB MEPEKNCHOrO OKMUCIEHHS NinifiB i akTuBHICTb dpepmeHTiB AOC y
renatoumTtax muwwen 3 NK/Ly. BF1 (y koHueHTpauii 10 mr/kr) i komnnekc PEG-PN + BF1
He 3MiHI0Banu piBeHb €PUTPOLUTIB MULLI MOPIBHAHO 3 AOKCOPYbiuMHOM. YCi gocnioxky-
BaHi cnonyku, kpim PEG-PN, 3Ha4HO 3MeHLyBanu cnpuyvHeHni niMmomMoto NenKkoumTos
i nigBuLLyBann piBeHb Manux nimdoumntis. Possutok nimgpomn NK/Ly npmnssogms o
30inbLUEHHSs KinbKOoCTi HenTpodinis, Todi sk BF1 Ta noro komnnekc i3 PEG-PN 3Ha4Ho
3MeHLUyBasnu 1oro.

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2022 « Tom 16 / N2 4 e C. 19-32


https://doi.org/10.2147/CMAR.S274821
https://doi.org/10.2147/CMAR.S274821
https://pubmed.ncbi.nlm.nih.gov/33519241/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7837543/
https://scholar.google.com/scholar?q=Comparison+of+Hematological+and+Biochemical+Profile+Changes+in+Pre-and+Post-Chemotherapy+Treatment+of+Cancer+Patients+Attended+at+Ayder+Comprehensive+Specialized+Hospital%2C+Mekelle%2C+Northern+Ethiopia+2019%3A+A+Retrospective+Cohort+Study+Wondimneh+2021

32 M. V. llkiv, Ya. R. Shalai, Yu. V. Ostapiuk, N. E. Mitina, O. S. Zaichenko, A. M. Babsky

BucHoBku. BF1 i komnnekc PEG-PN + BF1 manu obmexeHi HeraTuBHi NOBiYHi
edektn y mmwen 3 NK/Ly. [JocnigKyBaHi crnonyku He Gynu renatoTOKCUYHUMMW LLIOAO
KNiTUH nediHkn muwi. Ak BF1, Tak i ioro komnnekc 3 PEG-PN He 3ymoBnoBanu
Cepro3HUX NoBiYHNX edheKTiB Ha MyLIAYi KMiITUHW KPOBI.

Knrodoei cnoga: noxigHe Tiasony, noniMepHi HAHOYACTUHKN, CUCTEMA A0CTaBKM
TiKiB, rernaTtoTOKCUYHICTb, FreMaTOJTONiYHi MOKa3HMKN
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