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Thiazole derivatives were shown to have toxic effects in vitro on cancer cells of different origin and
can be considered as potentially antineoplastic, but their effect on the normal tissues needs to be studied. In
this research the newly synthesized thiazole derivatives of N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-1-benzo-
furan-2-carboxamide (BF1) and 8-methyl-2-Me-7-[trifluoromethyl-phenylmethyl]-pyrazolo [4,3-e] [1,3] thia-
zolo [3,2-a] pyrimidin-4 (2H)-one (PP2) were used and their effect on the pro- and antioxidant processes after
adding in a 1, 10 and 50 uM concentrations to the liver homogenate of healthy and NK/Ly lymphoma-bearing
mice was estimated. The level of superoxide radical and TBA-active products as well as catalase, SOD and
glutathione peroxidase activity were measured. It was shown that superoxide radical and TBA-active products
level and catalase activity were significantly higher in the liver of tumor-bearing mice than in the liver of the
healthy mice. Neither BFI no PP2 influenced the studied indices in the liver homogenate of healthy and tumor-
bearing animals with the exception that PP2 significantly reduced the level of TBA-positive products in both
cases. The data obtained showed that the studied thiazole derivatives did not cause severe liver toxicity in both

healthy and tumor-bearing mice.
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Imost all the chemotherapy agents have
A negative side effects when antitumor drugs

damage healthy cells, in particular hepato-
cytes. The liver is the major organ for the detoxi-
fication of drugs in human and animals and plays
an important role in the excretion of drugs from an
organism. Damage of free radical processes and ac-
tivity of antioxidant system under the effects of anti-
tumor agents may lead to negative side effects.

A cytotoxic effect of investigated thiazole de-
rivatives on cell lines of melanoma, glioblastoma,
hepatocarcinoma and leukemia cells has been estab-
lished [1, 2]. However, thiazole derivatives did not
affect the human pseudonormal embryonic kidney
cells and keratinocytes [1]. It was found that inves-
tigating compounds changed prooxidant-antioxidant
metabolism in Nemeth-Kellner lymphoma (NK/Ly)

cells [3]. In particular, the studied thiazole deriva-
tives activated superoxide dismutase and inhibited
the catalase and superoxide dismutase activity in
lymphoma cells. Presumably, the mechanism of ac-
tion of these compounds on tumor cells is associa-
ted with direct or indirect effects on the enzymes of
the antioxidant system [4]. On the other hand, the
products of tumor development during its growth in
the body can affect the balance of prooxidant and
antioxidant processes in other organs, including the
liver [5]. Therefore, studying these processes in the
liver of tumor-bearing mice is also relevant for plan-
ning comprehensive treatment.

To better establish the level of safety of newly
synthesized substances, the functional state of liver
cells has to be studied. Particularly, the changes in
free radicals and antioxidant processes in liver cells
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may suggest the possible mechanisms of negative
side effects that often occur after using antitumor
drugs. The purpose of this work was to investigate
the effect of thiazole derivatives on the level of pri-
mary and secondary products of peroxide lipid oxi-
dation (LPO), superoxide radicals and the activity
of enzymes of the antioxidant defense in the mouse
liver with or without NK/Ly lymphoma and to com-
pare the studied parameters in the liver of healthy
mice and tumor-bearing mice.

Materials and Methods

The study was performed on white (outbred)
wildtype male mice (20-30 g) with or without graft-
ed NK/Ly lymphoma. The first group (A), which
included healthy mice, served as a positive con-
trol. Animals were kept in standard vivarium con-
ditions at constant temperature on a mixed ration.
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 Protec-
tion of Vertebrate Animals used for Experimental
and Other Scientific Purposes” (Strasbourg, France,
1985).

Mice were anesthetized with chloroform, then
decapitated, abdominal dissected and the liver was
rapidly excised. The cooled and washed from the
blood liver was crushed through a metal press and
homogenized in a Potter-Evelheim homogenizer.
The liver from mice with lymphoma was extirpated
for 28 days after cancer cells inoculation.

The concentration of protein in liver homogen-
ate was determined by the method of Lowry et al.
[6]. Thiazole derivatives were synthesized at the
Department of Organic Chemistry of Ivan Franko
National University of Lviv (the head of a depart-
ment — Dr. M. Obushak). The steps of synthesis are
described in details in our previous publication [1].

N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-
1-benzofuran-2-carboxamide (BF1) and 8-methyl-
2-Me-7-[trifluoromethyl-phenylmethyl]-pyrazolo-
[4,3-¢]-[1,3]-thiazolo-[3,2-a]-pyrimidin-4(2H)-one)
(PP2) were used as a potential antitumor compounds.

The thiazole derivatives were dissolved in the
dimethylsulfoxide (DMSO, final concentration 5%)
before their addition to the liver homogenate at fi-
nal concentrations of 1, 10 and 50 uM. Duration of
incubation was 15 min. An equal volume of incuba-
tion solution was added to the control samples. The
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level of lipid hydroperoxides was measured using
the method of Myronchyk in the modification of
Gavrilov [7] with an absorption wave-length of 480
nm and was presented in conventional unit/minxmg
of protein. The level of TBA-positive products was
measured by the method of Timirbulatov & Seleznev
[8] with an absorption wavelength of 532 nm and
was expressed in pmoles/mg of protein. The level of
superoxide radical was measured by the method of
Denisenko & Kostenko [9] with an absorption wave-
length of 540 nm and was expressed in nmoles/gxs.

Catalase activity was measured by the method
of Korolyuk et al. [10] with an absorption wave-
length of 410 nm and was expressed in nmoles of
H,O,/minxmg of protein. Superoxide dismutase
(SOD) activity was measured by the method of Ko-
styuk et al [11] and was expressed as unit SOD/mg
protein. Glutathione peroxidase activity was measu-
red by the method of Moin [12] with an absorption
wave length of 412 nm and was expressed in G—SH/
minxmg of protein.

The MS Excel-2013 program was used for sta-
tistical analysis of obtained results. Student’s and
Wilcoxon coefficients were calculated to assess the
significance of the difference between the statistical
characteristics of alternative data sets. The differen-
ce of the parameters was found to be significant
when P < 0.05.

Results and Discussion

Fig. 1 shows the changes in the content of pri-
mary products of lipid peroxidation in the liver of
healthy and tumor-bearing mice under the action
of compounds BF1 and PP2. The control levels of
hydroperoxides in the liver of healthy mice in both
series of experiments did not differ: 2.98 + 0.19
um. units/mg protein and 2.72 £+ 0.16 um. units/mg
of protein. In the liver of tumor-bearing mice, con-
trol level were higher by 13.0% and 14.7%, respec-
tively (P = 0.05 by Wilcoxon test). However, both
substances did not significantly change the levels of
hydroperoxides in the liver of healthy and tumor-
bearing mice.

These results indicate that the tested substances
do not affect the level of primary products of lipid
peroxidation. Because hydroperoxides rapidly en-
ter into other redox reactions and become a source
of secondary products of LPO, the next step of the
study was to test the content of second LPO products
in the livers of mice in both groups under the action
of the tested substances.
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Fig. 1. The level of hydroperoxides in the liver of healthy mice (A) and tumor-bearing mice (B) under the ac-
tion of thiazole derivatives. *P = 0.05 (healthy liver vs. liver of tumor-bearing mice) M+m; n=5
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Fig. 2 The level of TBA-positive products in the liver of healthy mice (A) and tumor-bearing mice (B) under
the action of thiazole derivatives. *P < 0.05, **P < 0.01 (vs Control), *P < 0.05, *#P < 0.01 (healthy vs tumor-

bearing mice), 4P < 0.05, 4P < 0.01 (vs 1 uM)

Fig. 2 shows the changes in the content of
TBA-positive products in the liver of healthy mice
(A) and mice with lymphoma (B) under the action
of the tested compounds. Control levels of TBA-
positive products in the liver of healthy mice in
two series of experiments were: 0.52 + 0.03 pmol/
mg protein and 0.56 + 0.07 pmol/mg protein. In the
liver of tumor-bearing mice, control levels of TBA-
positive products were higher by 46.2% (#P < 0.067)
and 46.4% (#P < 0.001), respectively, compared to
healthy mice. It was found that the level of TBA-
positive products in the livers of mice of both groups
did not change under the action of BF1 at all three
concentrations. Under the action of PP2 at concen-
trations of 10 and 50 pum, the level of this product
significantly (*P < 0.01) decreased by 39.3% and
41% (in the liver of a healthy mouse) and by 40.2%
and 43.9% (in the liver of a tumor-bearing mouse),
respectively. One-factor analysis established a dose-
dependent manner of these effects.

It was found that with the development of
Nemeth-Kellner lymphoma, the level of TBA-pos-
itive products in the liver of mice increases signifi-
cantly. However, thiazole derivatives not only do not
increase the level of TBA-positive products (BF1),
but also reduce it (PP2).

Since the development of the tumor significant-
ly changes the redox balance in the cells, we should
expect a change in the level of free radicals. There-
fore, the content of superoxide radicals in the liver
cells of healthy mice and tumor-bearing mice was
studied (Fig. 3). Control levels of superoxide radicals
in the liver of healthy mice were: 0.16 £ 0.01 nmol/
gxs and 0.19 + 0.01 nmol/gxs. In the liver of tumor-
bearing mice, the control levels of the superoxide
radicals were higher by 50% #P <0 .01) and 37%
(#P < 0.01), respectively, compared to healthy mice.
It was found that BF1 and PP2 in all studied con-
centrations did not change the level of superoxide
radicals in the liver cells of healthy mice and tumor-
bearing mice.
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Fig. 3 The level of superoxide radical in the liver of healthy mice (A) and tumor-bearing mice (B) under the
action of thiazole derivatives. “P < 0.05, #P < 0.01 (healthy vs tumor-bearing mice)

Fig. 4 shows the changes in the SOD activity
under the action of BF1 and PP2. Control levels of
the enzyme activity in the liver of healthy mice in
two series of experiments were 5.43 = 1.06 units
active/minxmg protein and 5.32 = 0.63 units ac-
tive/ minxmg protein, respectively. In the liver of
tumor-bearing mice, control levels of SOD activity
were 5.73 £ 0.43 units active/minxmg protein and
6.02 + 0.58 u.a./minxmg protein. Under the action of
both tested compounds, the enzyme activity in the
liver of healthy mice and tumor-bearing mice was
not changed.

Because H,0O, is the product of SOD activity,
the normal functioning of other enzymes that neu-
tralize hydrogen peroxide is important. Therefore,
we tested the effect of the studied derivatives on the
activity of CAT and GPO.

Fig. 5 shows the changes in catalase activi-
ty under the action of BF1 and PP2. Control levels
of enzyme activity in the liver of healthy mice
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were 7.33 + 0.8 nmol H,O,/minxmg protein and
7.21 £ 0.28 nmol H,O,/minxmg protein, respectively.
In the liver of tumor-bearing mice, control levels of
CAT activity were higher by 32% (P < 0.01) and 30%
(P < 0.01), respectively, compared to healthy mice.
However, both compounds did not change the activi-
ty of the enzyme.

Fig. 6 shows the changes in glutathione peroxi-
dase activity under the action of BF1 and PP2. Con-
trol levels of GPO activity in the liver of healthy mice
of both groups were 6.23 + 0.83 nmol GSH/minxmg
protein and 5.86 + 0.68 nmol GSH/minxmg protein.
In the liver of tumor-bearing mice, the control levels
of GPO activity were 5.11 £ 0.92 nmol GSH/minxmg
protein and 5.02 + 0.68 nmol GSH/minxmg protein.
Under the action of both test compounds, the activi-
ty of the enzyme in the liver of healthy mice and
tumor-bearing mice did not change.

Many chemotherapeutic drugs have a low se-
lective effect and therefore provoke significant side
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Fig. 4. The level of activity of SOD in the liver of healthy mice (A) and tumor-bearing mice (B) under the ac-

tion of thiazole derivatives
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Fig. 5. The level of activity of CAT in the liver of healthy mice (A) and tumor-bearing mice (B) under the action
of thiazole derivatives. “P < 0.05, #P < 0.01 (healthy vs tumor-bearing mice)
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Fig. 6. The level of activity of GPO in the liver of healthy mice (A) and tumor-bearing mice (B) under the ac-

tion of thiazole derivatives

effects. Particularly dangerous are the side effects of
cytostatics, such as cardiotoxicity, hepatotoxicity,
neurotoxicity, nephrotoxicity and effects on the im-
mune system. Exposure to anticancer substances can
significantly damage the functioning of the body.

With the development of the tumor, the resourc-
es of the physiological antioxidant system are deplet-
ed [13]. In this status, one could expect a decrease in
the antitumor reactivity of the organism, which is a
prerequisite for further tumor growth. However, we
found that in the liver of tumor-bearing mice, the
activity of antioxidant enzymes is balanced, when
both SOD activity and CAT activity increase by 13%
and 30%, respectively. Such changes in the activity
of enzymes in the liver of mice with lymphoma may
indicate possible protective mechanisms that are ac-
tivated in the liver under conditions of intensification
of free radical oxidation.

It was found that under the action of substances
BF1 and PP2, the content of primary products of
LPO, as well as the activity of antioxidant enzymes,
did not change. Only the content of TBA-positive
products was significantly reduced by the action of

PP2 at concentrations of 10 and 50 um. One-factor
analysis established a dose-dependent manner of
these effects. There is a trifluoromethyl group in the
structure of PP2, which can increase the permeabili-
ty of this compound in the cell and determine its
high activity [14]. Therefore, the decrease in the level
of TBA-positive products may be associated with the
action of a trifluoromethyl group in the composition
of the compound. These results confirm the hypothe-
sis of the probable interaction of this compound with
reactive oxygen species and the possible antioxidant
properties in the liver. On the other hand, BF1 does
not contain a trifluoromethyl group, but contains
benzofuran, which causes the cytotoxic properties
of this substance against tumor cells [1-3], but does
not affect the pro- and antioxidant processes in non-
tumor liver cells. Therefore, the test compounds are
different in structure and differently affect the content
of LPO products, but both substances do not affect the
activity of enzymes of the antioxidant system.
During the development of tumors, systemic
damage to the body by the products of tumor decay
and changes in the redox balance in tissues and or-
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gans are expected. For example, Demkiv et al. [13]
found that with the development of adenocarcinoma
of the colon in rats, the level of LPO products in the
pancreas significantly increased. The liver is also an
organ where metastases often occur because one of
the most dangerous ways for tumor cells to spread
is portal circulation. Metastases can also occur in a
lymphogenic way, when cancer cells, in particular
carcinomas, spread in the body through lymphatic
vessels to regional lymph nodes.

Interestingly, the LPO processes in our studies
differed in the liver of control healthy mice and the
liver of tumor-bearing mice. It was found that in
the liver of mice with lymphoma, the level of TBA-
positive products was higher by more than 45% than
in the liver of control mice. Thus, the development
of lymphoma provokes an increase in the number of
secondary products of LPO in the liver, as a conse-
guence of increasing levels of reactive oxygen spe-
cies. Therefore, thiazole derivatives do not cause se-
vere liver toxicity in both healthy and tumor-bearing
mice.

Conclusions. It was investigated that in the liver
of tumor-bearing mice, the content of LPO products
and the activity of antioxidant enzymes were signifi-
cantly higher, which may be a consequence of tumor
development in the body of a sick mouse. Substances
BF1 and PP2 are different in their structure, but none
of the substances affected the activity of enzymes of
the antioxidant system in the liver of mice of both
groups. It was found that the substance PP2 dose-de-
pendently reduced the level of secondary products of
LPO in the liver of healthy mice and tumor-bearing
mice, while under the action of BF1, this parameter
did not change. This may be due to the presence in
the structure of the substance PP2 trifluoromethyl
group, which determines the toxic properties of the
substance.
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IMPOOKCHUJAHTHI TA
AHTUOKCHJIAHTHI NPOIIECH

Y TOMOTEHATI NEYTHKHA
3JOPOBUX MUIITEN TA MAIITEM-
YXJHUHOHOCIIB 3A a1i
MOXIJTHUX TIA30JY
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IMoxigui Tiazomy in Vitr0 BHSBISAIOTH TOK-
CUYHY JiI0 Ha 3JOAKICHI KJITHHHU PI3HOTO TOXO-
JOKCHHSI Ta MOKYTbH PO3TIIANATUCH SK TMOTEHIIIIHO
AHTHWHEOIIACTUYHI, TPOTE iX BILUIMB Ha HOPMAabHI
TKaHUHU TOTpedye nochikeHHs. Y poboTi Oyio
BUKOPHCTAHO HOBOCHHTE30BaHI TOXiJHI Tia30my
N-(5-6en3mi-1,3-Tiazon2-im)-3,5-mumeTui-1-
oenzodypan-2-kapookcamin (BF1) Tta §-merni-
2-Me-7-[rpucdayopomeTii-peHimmMeTn|
mipazosno[4,3-e][1,3]riazomno[3,2-a]mipumianH-
4(2H)-on (PP2) Ta omiHeHO iX BILUIMB Ha MpO- Ta
AHTHUOKCHJIAaHTHI TPOIIECH IMicis noaaBanug y 1, 10
ta 50 uM KOHIIEHTpaIlisIX IO TOMOTeHATY MEeYiHKU
3IOpPOBUX MUIIIEH Ta MuIIeH 3 mpumeruieHoro NK/
Ly nimpomoro. Y romorenaTax nediHKA OIiHIOBATH
piBeHb cymnepokcuapaaukany Ta TBK-akTuBHUX
MPOAYKTIB, a TaKOXXK aKTHBHICTH KaTtaiasu, COJ|
Ta TIIyTaTioH mepokcuaasu. [lokazano, mo piBeHb
cynepokcuapanukany, TBK-akTuBHUX TpPOAYKTiB
Ta aKTHBHICTh KaTaja3uW Oyl 3HaYHO BUIIUMHU B
MIEYIiHI[I MUIIEH-TYyXTMHOHOCITB, aHIX y TEeYiHIIl
310poBUX MuIIel. BeranosneHo, mo cnonyku BF1
Ta PP2 He BIMMBaiM Ha BETUYHHY TOCIIKYBAHUX
MMOKA3HUKIB Yy TIEUiHINl K MHUIICH-TTYXJIMHOHOCIIB,
TaK 1 KOHTPOJIBHUX MHUIIEH 32 BUHSATKOM TOTO, IO
cnonyka PP2 cnpuunHioBana 3HauyHE 3HUKCHHS
piBaa TBK-akTmBHUX TpOmyKTiB B 000X BHMA-
kax. OnepxaHi pe3ynbTaTH BKa3ylOTh Ha Te, IO
JIOCT Ky BaHI ITOX1/THI Tia30JIy He YNHSITH BUPA3HOT
renaToTOKCHYHOI JIii Ha OpraHi3M 3J0pOBUX MHUIIEH
Ta MUTIEH-TTy XJIMHOHOCI1B.

KnwodoBi cmoBa: moxigHi Tia3omy,
nimdpoma NR/Ly, medinka, MepoOKCUIHE OKUCICHHS
JIII1B, aHTHOKCHAAHTHA CHCTEMa.



Ya. R. Shalai, M. V. Popovych, S. M. Mandzynets et al.

References

. Finiuk NS, Hreniuh VP, Ostapiuk YuV,
Matiychuk VS, Frolov DA, Obushak MD,
Stoika RS, Babsky AM. Antineoplastic activity
of novel thiazole derivatives. Biopolym Cell.
2017; 33(2): 135-146.

. Finiuk N, Klyuchivska O, Ivasechko I,
Hreniukh V, Ostapiuk Yu, Shalai Ya, Panchuk R,
Matiychuk V, Obushak M, Stoika R, Babsky A.
Proapoptotic effects of novel thiazole derivative
on human glioma cells. Anticancer Drugs. 2019;
30(1): 27-37.

. Shalai YaR, Mandzynets SM, Hreniukh VP,
Finiuk NS, Babsky AM. Free-radical processes
in NK/Ly lymphoma cells and hepatocytes under
the effect of thiazole derivative. Bull Probl Biol
Med. 2018; 1.2(143): 234-238. (In Ukrainian).

. Shalai YaR, Popovych MV, Kulachkovskyy OR,
Hreniukh VP, Mandzynets SM, Finiuk NS,
Babsky AM. Effect of novel 2-amino-
S-benzylthiazole  derivative  on  cellular
ultrastructure and activity of antioxidant system
in lymphoma cells. Studia Biologica. 2019;
13(1): 51-60.

. Bazinet L, Doyen A. Antioxidants, mechanisms,
and recovery by membrane processes. Crit Rev
Food Sci Nutr. 2017; 57(4): 77-700.

.Lowry OH, Rosebrough NJ, Farr AL, Randall RJ.
Protein measurement with the Folin phenol
reagent. J Biol Chem. 1951; 193(1): 265-275.

. Gavrilov VB, Mishkorudnaya MI. Spectro-

photometric determination of the content of

lipid hydroperoxides in blood plasma. Lab Delo.

1983;(3): 33-35.

8.

10.

11.

12.

13.

14.

Timirbulatov RA, Seleznev EI. Method for
increasing the intensity of free radical oxidation
of lipid-containing components of the blood and
its diagnostic significance. Lab Delo. 1981; (4):
209-211. (In Russia).

. Denisenko SV, Kostenko VA. Changes in the

production of reactive oxygen species in the
testes of white rats under conditions of chronic
intoxication with sodium nitrate. Modern Probl
Toxicol. 2002; (4): 44-46. (In Russian).
Korolyuk MA, Ivanova LI, Mayorova IH,
Tokaryev VYe. A method of determining
catalase activity. Lab Delo. 1988; (1): 16-19. (In
Russian).

Kostyuk VA, Potapovich Al, Kovaleva ZnV.
Kostiuk VA, Potapovich Al, Kovaleva ZhV. A
simple and sensitive method of determination
of superoxide dismutase activity based on the
reaction of quercetin oxidation. Vopr Med Khim.
1990; 36(2): 88-91. (In Russian).

Moin VM. A simple and specific method for
determining glutathione peroxidase activity in
erythrocytes. Lab Delo. 1986; (12): 724-727. (In
Russian).

Demkiv 1Y, Lisnychuk NY, Soroka YV,
Chykhyra OV. Redox balance in white rats’
spleen under induced carcinogenesis. Med Clin
Chem. 2016; 3): 38-42. (In Ukrainian).
Rahmouni A, Souiei S, Belkacem MA,
Romdhane A, Bouagjila J, Ben Jannet H.
Synthesis and biological evaluation of novel
pyrazolopyrimidines derivatives as anticancer
and anti-5-lipoxygenase agents. Bioorg Chem.
2016; 66: 160-168.

67



