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Aim. To study an anticancer activity and to measure cytological and enzymatic indicators of
general toxicity of 4-thiazolidinone-based compounds (Les-3288, Les-3833) in the NK/Ly lym-
phoma grafted to BALB/C mice. Methods. BALB/C mice were implanted with the ascitic NK/
Ly lymphoma and treated for 14 days with 4-thiazolidinone derivatives — Les-3833 (2.5 mg/kg
of bodyweight), Les-3288 (5 mg/kg of bodyweight), a complex of Les-3833 with the polymeric
nanocarrier Les-3833+PNC (2.5 mg/kg of bodyweight) in water, and doxorubicin (1 mg/kg of
bodyweight) used as a positive control. The lymphoma development was monitored by measuring
the amount of ascitic fluid in the treated mice. The effects of the applied compounds were checked
after 35 days of tumor growth. Results. A distinct decrease in the amount of the ascite fluid with
lymphoma cells was revealed in the treated mice, while a 1.5-fold increase of its amount was
detected in the untreated mice of control group. The 4-thiazolidinone derivatives demonstrated
much less toxicity, and erythrocytes count stayed normal after 21 days of animal treatment. The
development of NK/Ly lymphoma led to an increase in the neutrophils number, while the applied
anticancer compounds reduced it significantly. Les-3833 and Les-3288 did not affect the number
of lymphocytes over the normal level. The activity of aspartate and alanine aminotransferases in
blood serum was elevated on the 14 day of treatment, and returned to the normal level on the 21
day. Conclusion. Novel 4-thiazolidinones Les-3833 and Les-3288 are effective in the treatment
of NK/Ly lymphoma grafted to BALB/C mice. These derivatives induced had limited negative
side effects in the treated mice.
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Introduction

Chemotherapy is the main treatment modality
for many tumors, nevertheless severe side-
effects of chemotherapeutic agents reduce the
clinical efficacy of large number of anticancer
drugs that are currently being used. Therefore,
there is continuous need to develop alternative
or synergistic anticancer drugs with reduced
or minimal side-effects. Currently, the research
in cancer chemotherapy also focuses on study-
ing anticancer agents at the molecular level.
To evaluate the effectiveness of new drugs, it
is important to study the interruption and dys-
regulation of the cell cycling and cell death
processes not only in the tumor development,
but also in the cardiovascular system, liver,
kidney, brain, and the immune system that will
characterize general toxicity of the drug (1).

High lipophilicity and low water-solubility
are additional drawbacks of many chemo-
therapeutics, including newly developed small
molecules as potential anticancer agents. To
overcome these drawbacks and improve water-
insoluble anticancer drugs, a high concentra-
tion of surfactants and co-solvents is used.
However, they can also produce their own
adverse side effects, thus hindering the action
of such anticancer drugs [2]. Many highly ac-
tive and promising new agents were rejected
because of their low solubility [3].

The nanocarrier systems (lipid-based, poly-
mer-based, albumin-based, others) have been
studied extensively for encapsulation and de-
livery of both existing and new insoluble an-
ticancer drugs [4]. Nanocarriers offer addi-
tional advantages of enhanced tumor accumu-
lation, reduce systemic toxicity, and improve
therapeutic effectiveness. The development of
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nanoparticles that carry drugs to target sites in
the body promises a safer and more effective
drug delivery [5]. The surface modification of
drug nanocarriers to enhance their compatibil-
ity with the body and to improve drugs’ abil-
ity to target desired cells and tissues is of
importance, but remains an unmet challenge.
These nanoparticles can thus evade the body’s
immune system for extended periods of time,
continuing to circulate unnoticed through the
bloodstream, effectively delivering their drug
payload [6].

The polymer-based therapeutics were es-
tablished as an innovative and reliable ap-
proach because of their ability to conjugate
with a variety of molecules and compounds
(e.g., proteins, enzymes, nanoparticles, lipo-
somes, low molecular weight drugs) [7]. The
polyethylene glycol (PEG), a water-soluble
and biocompatible polymer, is the most com-
monly used non-ionic polymer in the polymer-
based drug delivery [4]. PEG has been studied
extensively as a drug-delivery vehicle, because
it is soluble in both organic and hydrophilic
solvents. Unlike many other synthetic poly-
mers, PEG is relatively hydrophilic. PEG can
be conjugated to other polymers (i.e.,
PEGylation) to make them less hydrophobic.
A greater surface hydrophilicity enables cell
adhesion and proliferation on biomaterial scaf-
folds by preventing protein adsorption [8].
Thus, PEG availability in the polymeric nano-
carriers (PNC) is a useful characteristic that
makes possible the] formation of micelles
containing hydrophobic compounds in the
hydrophilic medium that is present in the or-
ganism.

There is still no consensus about the optimal
particle size for enhancing in vivo action and
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clinical biodistribution. The nanocarriers of
less than 100 nm diameter are usually pre-
ferred. However, an excessive size reduction
can also be a disadvantage because the
nanoparticles smaller than 50 nm are sub-
jected to a higher uptake in liver and spleen
that leads to the increasing liver toxicity. The
nanoparticles smaller than 5 nm are removed
by the kidney [9].

The aim of this work was to study the treat-
ment effects and general toxicity (cytological
and enzymatic) of novel 4-thiazolidinone de-
rivatives Les-3288 and Les-3833 in experi-
mental tumor model — NK/Ly lymphoma
grafted to BALB/C mice; the water prepara-
tions of these compounds dispersed and stabi-
lized by an amphiphilic polymer in comparison
with the drugs in free form were used for in-
duction of apoptosis in rat glioma cells of C6
line and treatment of NK/Ly lymphoma graft-
ed to BALB/C mice.

Materials and Methods

The 4-thiazolidinone derivatives Les-3288
(5-bromo-3-{2-[5-(4-methoxyphenyl)-3-phe-
nyl-4,5-dihydropyrazol-1-yl]-4-oxo0-4,5- di-
hydro-1,3-thiazol-5-ylidene}-2,3-dihydro-1H-
indol-2-one) and Les-3833 (5-bromo-3-{2-[5-
(4-methoxyphenyl)-3-naphthalen-2-yl-4,5-
dihydropyrazol-1-yl]-4-oxo0-4,5-dihydro-1,3-
thiazol-5-ylidene}-2,3-dihydro-1H-indol-
2-one) were designed as promising anticancer
agents as we described earlier [10]. Before
using we dissolved the investigated compounds
in the dimethylsulfoxide (DMSO, Arterium,
Ukraine), after that dissolved in distilled water.
The final concentration of the DMSO was kept
less 0.1 %. Doxorubicin was obtained from
Pfizer (New York, NY, USA).

The synthesis of PNC was carried out as it
was described earlier [11,12]. The composition
of PNC was determined from the results of
elemental and functional analyses. The as-
sumed comb-like copolymer structure is pre-
sented in Fig.1. It is a water soluble weakly
surface active polymeric surfactant forming
micelle-like structures in water solution. The
diameter of PNC particles was 60—100 nm, as
determined by a transmission electron micros-
copy and confirmed by the dynamic light scat-
tering on Zetasizer Nano (Malvern Instruments
GmbH, Stuttgart, Germany) and photon cor-
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Fig. 1. The structure of drugs and amphiphilic polymer;

the scheme of the drug particle nucleation and stabiliza-
tion with polymeric nanocarrier (PNC).
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relation spectra using non-invasive back scat-
ter technology [11].

The solutions of amphiphilic polymer and
4-thiazolidinone derivatives in DMSO were
mixed in the flask and added drop by drop to
physiological solution at the stirring. 0.045 g
of PNC were dissolved in DMSO, 0.0015 g of
the drug (Les-3288 or Les-3833) were dis-
solved in 0.25 ml of DMSO. The solution of
PNC and the drug was mixed and added to
4.25 ml of saline solution (1 % aqueous NaCl
solution) and subjected to ultrasonic dispersion
(10 seconds). As a result the nanoparticles of
water insoluble 4-thiazolidinone were nucle-
ated in the micelle-like structures of polyam-
phiphil used as a soft template and stabilized
by the polymer molecules adsorbed on the
particle surface. Highly stable water disper-
sions of 4-thiazolidinone derivatives (0.3mg/
mL, drug/polymer weight ratio 1/30) are
formed. The dispersions were stable and did
not change the size in the range 60—150 nm
and PDI = 0.05 during 3 months. The size of
the micelles was measured using dynamic light
scattering technique Zetasizer Nano ZS
(Malvern Instruments GmbH, Stuttgart,
Germany) instruments and by photon correla-
tion spectroscopy using the Non-Invasive Back
Scatter technology (NIBS) at 298 K and con-
firmed by transmission electron microscopy
(JEM-200A6 JEOL, Japan) [11, 12].

The rat glioma cells of C6 line were ob-
tained from Cell Culture Collection at the
Institute of Molecular Biology and Genetics,
National Academy of Sciences of Ukraine
(Kyiv, Ukraine). The glioma C6 cells were
cultured in Dulbecco’s modified Eagle’s me-
dium (DMEM, Sigma, USA) supplemented
with 10 % fetal bovine serum (Sigma, USA).
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The cells were grown up in the CO,-incubator
at 37°C, 5 % CO, and 95 % humidity. The
reseeding of cells was carried out at a ratio of
1:5 once every 2—3 days.

The glioma C6 cells were seeded on glass
microscopic slides in the 24-well plates
(Greiner bio-one, USA). The substances were
added in different concentrations 24 h after
cell seeding. The material of cell nucleus was
stained with the DNA-specific fluorescent dye
Hoechst 33342 (Sigma, USA). This fluoro-
chrome was added to cultured cells at 0.2—
0.5 pg/ml, and the cells were incubated for
20-30 min. The living, apoptotic and necrotic
cells were viewed under the inverted light
microscope Biolam (LOMO, Russian
Federation). The images were processed with
the fluorescent Zeiss microscope (Carl Zeiss,
Germany) using Axiolmager Al camera, by ~
400 times magnification in the relevant sec-
tions of the excitation and emission.

All animal experiments were conducted
keeping to European Convention on Protection
of Vertebrate Animals (Strasbourg, 1986) and
the corresponding Law of Ukraine (N944,
14.12.2009) [13].

The mice weighing 18-25 g were kept at a
temperature of 22+2 °C and with photocycle
of 12 h light/12 h dark. Water and food were
provided ad libitum. NK/Ly ascite lymphoma
was implanted to BALB/C mice. The ascites
tumor was supported by transferring 0.2—
0.3 mL of ascitic fluid (20-30 x 10° cells) from
donor mouse into the abdominal cavity of the
recipient mouse. The viability and number of
the cells stained with 0.05 % Trypan Blue were
checked by cell counting in the haemocyto-
metric chamber (PJSC “Skloprylad”, Ukraine).
The vitality of NK/Ly lymphoma cells used
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for transplantation was not less than 98 %.
Ascites from the tumor-bearing mice were
obtained and transplanted on the 7-8th day
after the inoculation. The next day after tumor
implantation, the studied substances were in-
jected daily 5 times intraperitoneally. The dose
was 10 % of maximal injected dose in the
experiments when LDs, was defined.
Doxorubicin (positive control) was applied in
dose 1 mg/kg of body weight, Les-3833 —
2.5 mg/kg, and Les-3288 — 5 mg/kg, Les-
3833+ PNC — 1 mg/kg. Here and elsewhere,
the dose of the Les-3833 compound is indi-
cated using either free compound or its com-
plex with PNC. The ratio Les-3833 to the PNC
in complex equaled 1:30. Therapeutic effect
of drugs was checked up to 30 days of tumor
growth. During the experiment the animals
were weighed every day, and lymphoma
growth was monitored by measuring the vol-
ume of the ascitic fluid in treated mice.

For blood sampling, a small part of mouse
tail was cut with pumping ~100 pl of blood in
a test tube, followed by immediate disinfection
of a wound with 70 % alcohol. For counting
red blood cells, 5 ul of blood were dissolved
in 5 ml of isotonic NaCl solution (1:1,000
dilution), while for leukocyte, 5 ul of blood
were dissolved in 95 ul of 3 % acetic acid
solution (1:20 dilution). Erythrocytes and leu-
kocytes were counted under the Evolution 300
Trino microscope (Delta Optical, Minsk
Mazowiecki, Poland) and calculated by stan-
dard formulas, described in [14]. For blood
smear preparation, 3 pl of blood were put at
the edge of a slide, and then spread for 1.5 cm
using another narrow polished slide, placed at
a 45° angle. The obtained smears were dried
at room temperature, then fixed with absolute

methanol, and later rehydrated by subsequent
washing in ethanol solutions with decreasing
concentration (96 %, 75 %, 50 %, 25 %,
12.5 %). Finally, the smears were washed with
distilled water, stained with Giemsa dye and
air-dried, after which they were ready for anal-
ysis of leukogram. Counting of leukocytes was
performed under Evolution 300 Trino micro-
scope (Delta Optical, Minsk Mazowiecki,
Poland) using 90% oil immersion objective.
Cell counting was always done using the same
system — half of cells were counted in the
upper half part of the smear, and the rest 50 %
of cells were counted on the lower part of the
smear. A percentage of certain types of white
blood cells in each smear was determined after
counting of at least 300 cells.

To measure the aspartate aminotransferase
activity (AST), 10 ul of blood serum were
mixed with 100 pl of substrate solution (2 mM
a-ketoglutaric acid; 0.2 M D,L-aspartate in
0.1 M phosphate buffer pH 7.4), while in con-
trol tube 10 pl of distilled water were added
instead of blood serum. The tubes were placed
for 60 min at 37 °C, and then 100 pl of 1 mM
solution of 2,4-dinitrophenylhydrazine were
added to the samples and left for 20 min at RT.
Then 1 ml of 0.4 M sodium hydroxide solution
was added to each sample for extra 10 min,
and optical density of samples was measured
using ThermoSpectronic spectrophomometer
(Helios, Great Britain) at 540 nm wavelength.
For determination of alanine aminotransferase
(ALT) activity, the procedure was identical
except for substrate solution (2 mM a-ketoglu-
taric acid; 0.2 M D,L-alanine in phosphate
buffer pH 7.4).

All experiments were repeated 3 times.
Statistical analysis of the data due to a low
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number of samples per group (n = 6) was
conducted in GraphPad Prism software
(GraphPad Software Inc. La Jolla, CA, USA)
using non-parametric tests (2-way ANOVA
with Bonferroni post-hoc tests, which compare
replicate values by rows). Statistical
significance was set at P < 0.05.

Results

Morphological changes in rat glioma
C6 line cells under the treatment with
Les-3288 and its complex with polymeric
nanocarrier

The microscopic study of morphological
changes in the rat glioma C6 cells under the
treatment with applied compounds in 0.1, 0.5
and 1.0 pg/ml doses demonstrated that Les-
3833 in 1 pg/ml dose caused the most drastic
changes in the cell intactness, namely a dim-
inution in cell density in vitro, a decrease in
cell size, probably due to apoptotic condensa-
tion of cell body, and appearance of cell debris
(Figure 2, table 1). At the action of free and
PNC-stabilized forms of Les-3288, there were
no essential differences in chromatin conden-
sation estimated by DAPI staining, loss of
cellular appendages, a decrease in the cellular
size, and the amount of cell debris (Figure 2,
table 1). One can see cytodestruction caused
by Les-3288 and Les-3833, however, there
was a distinct decrease in the number of gli-
oma cells at their treatment with the water
based complex Les-3288+PNC comparing
with the number of glioma cells at their treat-
ment with a free form of Les-3288 (Figure 2).
Noteworthy, PNC itself did not cause drastic
changes in the morphological intactness of
glioma cells.

318

20 pm

F s

Fig. 2. DIC (left) and combined DIC-fluorescent
(Hoechst-33342, right) microscopic images of rat glioma
C6 cells treated for 24 h with the studied compounds:
A — control (untreated cells); B — polymeric nanocarrier
(PNC), 1 pg/ml; C— 0.5 pg/ml Les-3833; D — complex
PNC with Les-3833 (0.5 pg/ml); £ — Les-3288 (0.5 pg/
ml); F — complex PNC with Les-3288 (0.5 pg/ml).
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Table 1. The morphological changes in the rat glioma C6 cells caused by the treatment with compounds
Les-3288 and Les-3833 (0.1 pg/ml, 0.5 pg/ml and 1.0 pg/ml) and their complexes with PNC

Chromat@n Loss of Decrease in cell .
Samples(pg/ml) COIEdDGZ;aIt)IOH appendage cells size Cell debris
Control +/- - - +/-
PNC +/- - - +/-
0.1 +/- +/- +/- +
Les-3833 0.5 + + + iy
1.0 ++ +++ ++ SRR
0.1 +/- + + +
Les-3833 + PNC complex 0.5 ++ ++ ++ ++
1.0 ++ +++ +4+ SRR
0.1 + + + +
Les-3288 0.5 + ++ ++ e
1.0 ++ - -+ -+
0.1 +/- + + +
Les-3288 + PNC complex 0.5 + ++ ++ ++
1.0 ++ +++ 4+ ot

“-“no effect, “+/-*“ weak effect, “++++ strong effect.

Survival and tumor growth in mice bear-
ing NK/Ly lymphoma under the treat-
ment with 4-thiazolidinone derivatives
(Les-3833 and Les-3288) and Doxorubi-
cin (positive control)

As one can see in the figure 3, the Dox and
water based form of Les-3833 stabilized poly-
meric surfactant demonstrated the best treat-
ment effects towards NK/Ly lymphoma-bear-
ing mice whereas the antitumor effect of com-
plex Les-3833+PNC towards murine NK/Ly
lymphoma was comparable with the effect of
doxorubicin (“golden standard” in cancer che-
motherapy). The antitumor effect of Les-3288
on lymphoma-bearing mice was weaker than
that of Dox and Les-3833. After tumor inocu-
lation in mice and the treatment with complex
Les-3833+PNC or Dox, the animals stayed

with a reduction of lymphoma for more than
40 days of the experiment (Fig. 3, 35 days).
Such effects of animal treatment correlated
with a drug-induced decrease in volume of the
ascite fluid that was elevated by 1.5 times in
the untreated mice (control group) (figure 4).
Under the action of Dox, Les-3833 and Les-
3288, a similar change (decrease) was found.

Activity of aspartate and alanine ami-
notransferases in blood serum of mice
bearing NK/Ly lymphoma under the
treatment with 4-thiazolidinone de-
rivatives (Les-3833 and Les-3288) and
Doxorubicin (positive control)

Aspartate and alanine aminotransferases are
considered as biochemical parameters of liver
damage [15, 16]. It was found that the AST
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Survival of Balb/c mice with NK/Ly lymphoma
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Fig. 4. Tumor grows in mice bearing NK/Ly lymphoma treated with Doxorubicin (1 mg/kg of body weight), com-
pounds Les-3288 (5 mg/kg of body weight), Les-3833 (2.5 mg/kg of body weight) and Les-3833+PNC complex (1 mg
of Les-3833/kg of body weight). Arrows indicate time of drug application.

activity increased in mice with lymphoma dur-
ing 21 days by more than 2 times (Fig. 5).
Doxorubicin increased the activaty of AST in
blood of mice by more than 2 times on the 21st
day of treatment, indicating the cardiotoxic
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effect, whereas the AST activity at the treat-
ment with Les-3288 and Les-3833 compounds
with PNC did not increase significantly.

The activity of ALT as the main liver en-
zyme increased under the influence of all an-
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(Fig. 5), and in the case of free compounds,
the ALT activity rises more than 2 times, while
free PNC and Les-3833 with PNC slightly
increase the activity of this enzyme.

The de Ritis ratio was shown to be lower
in blood serum of the NK/Ly lymphoma-bear-
ing mice and after the treatment of Les-3288
and Les-3833 in free form. Les-3833+PNC
complex did not affect the de Ritis coefficient

ALT
251 o mm 14 days
g 204 21 days
- 7
= 224
30 .
%
0.04 <
« @' y O O
4 &Gb K N \‘;’\(} "?;'P Q;'J B,Q@ QQ
LY
o& 650\ o*'o Ve :5%5
‘cv\ o Q ‘v“"’

Fig. 5. Activity of aminotransferases — AST and ALT,
and the de Ritis coefficient in blood serum of NK/Ly
lymphoma bearing mice treated with Doxorubicin (1 mg/
kg of body weight), compounds Les-3288 (5 mg/kg of
body weight), Les-3833 (2.5 mg/kg of body weight) and
Les-3833+PNC complex (1 mg of Les-3833/kg of body
weight) for 14 days and 21 days. *P < 0.05; **P < 0.01;
***P < (0.001 (difference in comparison to the control).

for 21 weeks of treatment (Fig. 5). A reduction
of de Ritis ratio indicates the hepatotoxic effect
of the studied derivatives.

Thus, although doxorubicin, Les-3288, and
Les-3833 demonstrated similar tumor treatment
effects, the enzyme-linked liver damage (as-
partate and alanine-aminotransferase) was less
affected by these 4-thiazolidinone derivatives
than doxorubicin. The treatment with Les-
3833+PNC complex showed less toxic effect.

321



L. Kobylinska, N. Skorohyd, O. Klyuchivska et al.

Cytological indicators of toxic effects
of 4-thiazolidinone derivatives(Les-3288
and Les-3833) and Doxorubicin (posi-
tive control) in mice bearing NK/Ly
lymphoma

The studied antitumor agents caused adverse side
effects towards the hematopoietic system.
Doxorubicin and Les-3833 induced a severe
anemia, significantly reducing the number of red
blood cells on the 14th day, while Les-3833 with
PNC were not so toxic, and the number of eryth-
rocytes stayed normal during 21 days of the mice
treatment (Fig. 6). The growth of NK/Ly lym-
phoma led to an increase in the leukocytes’ num-
ber after 21 days more than 2 times, while all
studied anticancer drugs significantly reduced
that number on the 14th day, but increased on
the 21st day after lymphoma inoculation (Fig. 6).

Leukocytes play an important role in human
immune system, and most influences can
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change the number of leukocytes. The family
of leukocytes is comprised of lymphocytes,
monocytes, eosinophils, basophils, and neu-
trophils. These five types of leukocytes can be
distinguished by their cytoplasmic granules,
staining properties of the granules, the size of
a cell, the proportion of nuclear to cytoplasmic
material, and the type of nucleolar lobes [17].

The development of lymphoma NK/Ly in
mice significantly increased the number of
segmented nuclei leukocytes on the 14th and
21st day after tumor inoculation; the studied
anticancer drugs did not change this level dur-
ing 14 days, but after 21 days the compound
Les-3288 increased the number of segmented
nuclei leukocytes (Fig. 7). Free PNC and its
complex with Les-3833 stabilized with amphi-
philic polymer in water system significantly
increase the number of segmented nuclei leu-
kocytes within 21 days. Both doxorubicin and
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Fig. 6. The number of erythrocytes and leukocytes in NK/Ly lymphoma-bearing mice treated with Doxorubicin (1 mg/
kg of body weight), compounds Les-3288 (5 mg/kg of body weight), Les-3833 (2.5 mg/kg of body weight) and Les-
3833+PNC complex (1 mg of Les-3833/kg of body weight) on the 14t and 21th day after tumor inoculation. *P < 0.05;
*¥*P < (0.01; ***P < 0.001 (difference in comparison to the control).

322



Increased antitumor efficiency and reduced negative side effects of 4-thiazolidinone derivatives

% from total leukocytes

segmented nuclei leukocytes

Hl 14 days
21 days

L9
\'r‘\o
‘O
&
<.'_O
80 -
® *
2 Hl 14 days
e |
8 60- Bz 21 days
E
=
= 40+
=
e
gzu-
— £
=S %
0_ 7 ¢
& 3 & o < 9]
S &g F ST
W S o @ < Ne]
o & 4 VN n
W& P o
560 00 V@
o
monocytes mm 14 days
e 21 days

% from total leukocytes

ring-shaped nuclei leukocytes

o Em 14 days

2 21 days

% from total leukocytes

El 14 days
21 days

L]
]
&
=
S 61
-
Fi
2
- 44
[]
S
-
= % ;
ES /% 4

04 i

- S R < B ¥
e £ o
& ‘\*,\V §’\° o5V :‘a‘bﬂ’ a_,’gé &
- N o
T P G VRN .

& QP o
Q' 00 V@

Fig. 7. Changes in leukogram in NK/Ly lymphoma bear-
ing mice treated with Doxorubicin (1 mg/kg of body
weight), compounds Les-3288 (5 mg/kg of body weight),
Les-3833 (2.5 mg/kg of body weight) and Les-3833+PNC
complex (I mg of Les-3833/kg of body weight) on the
14t and 21t day after tumor inoculation. *P < 0.05;
*¥EP < 0.01;***P < 0.001 (difference in comparison to
the control).
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applied 4-thiazolidinone derivatives normal-
ized the number of blood ring-shaped lympho-
cytes that were significantly increased after 14
and 21 days by the lymphoma growth (Fig. 7).

Lymphocytes are the major cellular compo-
nents of the immune system, which are formed
in the bone marrow and active in the lymphoid
tissue. The main function of lymphocytes is
the recognition of an antigen and the adequate
immunological response of the organism. The
number of small lymphocytes (T-lymphocytes
and B-lymphocytes) is an important indicator
that rapidly significantly decreased by 72 %
after 14 days in mice bearing NK/Ly lym-
phoma compared to the control animals.
Although doxorubicin and 4-thiazolidinone
derivatives reduced the number of small lym-
phocytes by 15 %, free PNC much more de-
creased it by 50 % (Fig. 7). Doxorubicin sig-
nificantly increased the number of big lympho-
cytes by 2.8 times, but Les-3288 increases
their number by 1.9 times for only 14 days,
and Les-3833 — by 3.8 times after 21 days of
the experiment. However, under the influence
of the water based complex Les-3833+PNC
stabilized with amphiphilic polymer, the num-
ber of big lymphocytes does not change, com-
pared to the control, and free PNC reduces
their number by 63 % (Fig. 7).

Monocytes belong to a system of phago-
cytic mononuclear cells that remove dead and
damaged cells, denatured protein, and antigen-
antibody complexes from the body. Monocytes,
that penetrate to blood from parenchymal or-
gans and tissues, are formed by the macro-
phages, professional phagocytes that partici-
pate in the immune response of the organism,
as well as phagocytes that destroy damaged
cells in the organism. The investigated deriva-
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tives and Dox caused monocytosis in the treat-
ed tumor-bearing animals, while the water
based complex Les-3833+PNC stabilized with
amphiphilic polymer and free PNC did not
affect the number of monocytes to the extent
as free Les-3288 and Les-3833 did. However,
the influence of the anticancer drug on large
granular lymphocytes was different than the
effect of complex Les-3833+PNC (Fig. 7).

Discussion

In this study, we addressed three principal prob-
lems of the anticancer chemotherapy: 1) low
effectiveness of treatment with many anticancer
drugs; 2) severe negative side effects that ac-
company the action of these drugs; 3) poor
water solubility of some anticancer drugs and
of numerous new experimental substances with
the anticancer activity. As noted, many effective
anticancer agents produce adverse side effects
that limits considerably their use in clinics [2].
Earlier, we have found that the potent antitumor
agents (Les-3288, Les-3833, Les-3882) were
less toxic towards experimental animals (labo-
ratory rats) when they were coated and stabi-
lized with a synthetic polymeric carrier and used
for treatment in the water based system [18-20].
It was evidenced by the results of measuring
the biochemical parameters (the activity of ami-
notransferases and their ratio known as the De
Ritis coefficient) of the toxic action (cardio-,
hepato- and nephrotoxicity) of these derivatives
in comparison with the action of doxorubicin
[18-20]. Thus, the binding of antitumor agent
with the PNC and its application in the form of
water stable delivery system reduced its toxic
effects in the experimental animals, compared
to the action of these substances in a free form
[18-20].
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Taking into account the advantage of the
experimental animal model (mice), we got a
chance of counting specific blood cells such
as erythrocytes, neutrophils and various types
of lymphocytes in blood of the treated animals.
In general, the NK/Ly lymphoma-bearing mice
treated with Les-3833 and Les-3288 com-
pounds stayed alive for more than 30 days,
comparing to the control (untreated) animal
that died in 18 days. The behavior indicators
of the treated mice suggest much better life
quality comparing to that of the mice treated
with doxorubicin.

Positive effects of treatment by the studied
4-thiazolidinone derivatives correlated well
with a pattern of changes in the number of
erythrocytes and specific immune cells such
as small lymphocytes (T-lymphocytes and
B-lymphocytes), segmented nuclei lympho-
cytes and ring-shaped nuclei lymphocytes.
While the doxorubicin induced a rapid
(14 days) decrease in the number of red blood
cells that even exceeded such decrease caused
by tumor growth in mice, Les-3833 and Les-
3288 compounds did not induce such anemia
effect.

NK/Ly lymphoma growth induced leuko-
cytosis in the tumor-bearing mice that was well
seen on the 215t day after tumor inoculation.
All agents used in this study — Les-3833 and
Les-3288 compounds and doxorubicin (posi-
tive control) — significantly decreased tumor-
induced leukocytosis, and a similar character
of action was characteristic for segmented
nuclei leukocytes and ring-shaped nuclei leu-
kocytes as indicators of tissues damage [21,
22]. However, tumor growth was shown to
decrease significantly the number of small
lymphocytes which provide protection against

the action of antigens and toxic agents. Both
doxorubicin and Les-3833 and Les-3288 com-
pounds normalized their number in blood of
the experimental animals. At the same time,
the number of big lymphocytes that are respon-
sible for the development of antibodies and the
number of monocytes carrying out phagocy-
tosis and participating in the formation of spe-
cific immunity were not affected significantly
by the NK/Ly lymphoma growth, while Les-
3833 and Les-3288 compounds and doxorubi-
cin increased considerably the number of both
these cell types. Such character of changes in
the number of big lymphocytes and monocytes
under the action of studied agents suggests the
role of the immune system during treatment
[17, 21].

For studying drug-induced morphological
changes in the treated tumor cells, we have
conducted a series of experiments in vitro. It
was found that the pro-apoptotic and pro-ne-
crotic changes induced by Les-3833 and Les-
3288 compounds in the rat glioma cells of C6
line were less pronounced than such changes
induced by doxorubicin. It can be suggested
that the treatment with these agents stabilized
by the synthetic PNC in water preparations
provided a protection of the treated glioma
cells from the necrotic changes.

We have found that using PNC with 4-thia-
zolidinone derivatives — Les-3288 and Les-
3833 enhanced the pro-apoptotic action of
these compounds. In another study [23], we
have demonstrated that the induction of apop-
tosis by Les-3288 compound was not accom-
panied by ROS induction, opposite to the ac-
tion of Dox and Les-3833. Thus, high antitu-
mor activity of Les-3288 together with its low
general toxicity in treated organism shown in
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the NK/Ly lymphoma-bearing mice suggest
anticancer potentials of this experimental drug,
especially in the water based complex with
polymer carrier that enhances the anticancer
efficiency.

Conclusions

novel 4-thiazolidinone derivatives Les-3288
and Les-3833 demonstrated their ability to
suppress the growth of NK/Ly lymphoma
grafted to BALB/C mice that leads to an in-
crease in life longevity of the treated tumor-
bearing animals. The action of these com-
pounds are accompanied by much less negative
side effects evaluated by measuring the activ-
ity of blood serum aspartate and alanine ami-
notransferases, as well as red blood and white
blood cell counts in the treated mice. The
water based complex Les-3833+PNC stabi-
lized by the amphiphilic polymer provided
enhancement of the antitumor effect in vivo.
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ITinBuIIeHHSI NPOTUNYXJIMHHOT AKTUBHOCTI

Ta 3MEHIIEeHHS] HeraTUBHUX NO00iYHuX edekTiB
y mumueii 3 gimgomoro NK/Ly, JikoBanux
MOXiTHUMHU 4-Tia30JIiIUHOHY Y KOMILIEKCi

3 MOJIiIMEPHUM HAHOHOCIEM

JI. 1. Ko6uminceka, H. P. Ckopoxin,

O. B. Kmrouiscbka, H. €. Mirina, O. C. 3aiueHko,
P. B. Jlecuxk, b. C. 3imenkoBcbkuid, P. C. Crolika

MeTa. Bu3HauuTi NpoTUIyXJIMHHY aKTHBHICTb Ta IIUTO-
JoTi4Hi Ta (hepMEHTATHUBHI ITOKa3HUKH 3arajibHOi TOKCHY-
HOCTI 4-Tia30J1iIMHOHOBUX TIPOTHITYXJIMHHAX TTOX1THUX
(Les-3288, Les-3833) na mozelni myxJauHH — JiiMpoma
NK/Ly, npumennenoi mumam BALB/C. Metoam.
Murmram BALB/C imrmiaatyBanu acuuTHy Jimpomy NK/
Ly 1 mikyBayiu BIpoaoBx 14 mHIB 4-Tia3051iIHHOHOBUMH
moximaumu — Les-3833 (2,5 mr/kr Barn), Les-3288 (5 mr/
KT Baru), komruiekcoM Les-3833 3 momiMepHUM HAaHOHO-
ciem Les-3833+PNC (2,5 mr/kr Baru) y Boji, i JOKCOpPY-
6inmHOM (1 MI/Kr Baru), sIkMii BUKOPHUCTOBYBAJIH SIK T10-
3UTHUBHUI KOHTPOITb. PO3BUTOK J1iM(OMEI KOHTPOITIOBAIII
IUIIXOM BHMIPIOBaHHSI Y MUIIEH KUIBKOCTI acI[UTHOT
pimvHA. BIUHB MOCIiKYBaHUX MOXITHUAX 4-Tia30ITiau-
HOHY TIEpPEBIPSUIH BOPOIOBXK 35 JHIB POCTY ITyXJIMHH.
Pesynbrarn. Y nociiHOI Ipynu BUSIBICHO 3HMKEHHS
KUTBKOCTI aCIIUTHOT PiIUHH 3 KITiITHHAMH JIIM(OMH, B TOH
4ac SIK y HETIKOBAaHUX MHIICH KOHTPOJIBHOI IPYyIH BHU-
SIBJICHO 301IbIIEHHS KUTbKOCTI aciuty B 1,5 pasu. [ToxinHi
4-Tia30J1ITMHOHY TPOJEMOHCTPYBAJIM HA0Aararo MEHIIY
TOKCHYHICTB, a KUTBKICTh EPUTPOIUTIB 3aJIUIIAIIACT HOP-
MaJIbHOIO Tiicist 21 mHs JiKyBaHHSI TBapHH. PO3BUTOK
nimpomu NK/Ly y mMutiei npusBiB 10 30UIbIICHHS KUTh-
KOCTi HEUTPO]IIiB, TOI SIK JOCTIHKYBaHi POTHITYXJIHH-
HI CIIOJIyKY 3HA4YHO 3MEHIIWIM Horo. JlocmipkyBaHi no-
X1/1H1 4-Tia30J11IMHOHY HE BILTUBAJIN HAa KUTBKICTB JIiM(O-
IUTIB y KPOBI TBapHH. AKTUBHICTE acliapTaTaMiHOTpaHC-
(bepazu Ta anaHiHamiHOTpaHC(Epa3Hn y CUPOBATII KPOBi
miBUINCHA HA 14- IeHb JTiKyBaHHS TBapyH i OBEpTa-
€Thcs 10 HopMH Ha 21-ii neHs. BucaoBok. Hogi 4-Tiazo-
nimuaonn Les-3833 ta Les-3288 BusiBuimcst epeKTUBHU-
MM 11pH JikyBanHi Jlimpomu NK/Ly, npuiienieHoi Muiiam
BALB/C. BrumB nux mOXigHUX MPHU3BIB A0 MEHII BU-
paKEHUX HEraTMBHHUX MOOIYHMX e(EeKTiB y JIKOBaHUX
MHUIIEH.

KawuoBi cuoBa: 4-tiazomiauHon, Jimdoma NK/Ly,
mutii BALB/C, kmituau rimiomu C6, anonTto3
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IToBbIlIeHHE TPOTHBOOIYXO0JIEBOIi AKTUBHOCTH

M yMeHbllIeHHe HeraTUBHbIX N0004HbIX 3¢ dexToB
y mbleii ¢ 1umgomoii NK/Ly, JedyeHHBIX
NMPOU3BOAHBIMU 4-THA30JIUIMHOHA B KOMILJIEKCe

¢ MOJMMEPHBIM HAHOHOCHTEJIEM

JI. K. Kob6pumuuckas, H. P. Ckopoxo,

O. B. Kimrouusckas, H. Mutuna, A. C. 3andeHko,

P. b. Jlecuk, b. C. 3umenkoBckuii, P. C. Croiika

Hennb. M3yunTh pOTHBOOITYXOJIEBYIO aKTUBHOCTb, IIUTOJO-
rUYecKre 1 ()epMEHTATHBHBIC MTOKA3aTeN ! OOIIeH TOKCHYHO-
cTH Tipom3BOAHBIX 4-TrazommmuHoHa (Les-3288, Les-3833)
Ha Moziesn ortyxonu — Jimmdoma NK/Ly, mpuBrTO# MbIiiam
BALB/C. Metonpl. Memiam BALB/C umrnianTuposaiiu
acrmTHyT0 JMpomy NK/Ly 1 B Teqernue 14 maeit meanm nx
MPOU3BOAHBIMU 4-THazonmamHoHa — Les-3833 (2,5 mr/kr
Beca), Les-3288 (5 mr/kr Beca), komruiekcom Les-3833 ¢
rormMepHbIM HaHoHocHuTeneM Les-3833+PNC (2,5 mr/kr
Beca) B BOJIE, U JJOKCOpyOUIIMHOM (1 MI/KT Beca), KOTOpBI
HCIOJIB30BAIM B KAYECTBE IOJIOKUTEILHOTO KOHTPOJIS.
PasBurre JM(OMBI KOHTPOIMPOBAIN IyTEM HU3MEPEHHS y
MBIIIIEH KOIMUYECTBa aCIUTHON KUAKOCTH. OOIIHe TOKCHYe-
CKHE BO3/ICHCTBUSI MCCIIETYEMbIX TIPONU3BOIHBIX 4-THA30JIH-
JIMHOHA KOHTPOJIMPOBAJIH B TeUCHHE 35 THEH pocTa OIyXOJH.
Pesyabrarbl. Y Mbllleil 00Hapy>KeHO YETKOE CHIKEHHUE
KOJIMYECTBA aCLMTHOM JKHIKOCTH C KIICTKaMU JIMM(OMBI, B
TO BpeMsl KaK y MbIIIEH KOHTPOJILHOM I'pyIIbl BbISBIEHO
yBEJIMYEHNE KOJMYecTBa aciuTa B 1,5 paza. [IponsBomHbie
4-THa30JIMIMHOHA MPOZIEMOHCTPHUPOBAIIM MEHBIIYFO TOKCHY-
HOCTB, @ KOJIYECTBO IPUTPOLIHTOB OCTABAIACH B HOPME MOCIIE
21 mHst JiedeHunst KUBOTHBIX. PasButue mamdomer NK/Ly y
MBIILIEH NPUBEJIO K YBEIIMUESHHIO YHCIIa HEHTPO(HIIOB, TOTIA
KakK FCCIIeTyeMble TIPOTHBOOITYXOJIEBBIE COSTMHCHHS 3HAUN-
TEJIHO YMEHBIIIIH €10. Mccnenyemple Mpou3BoaHbIe 4-TH-
A30JIMIMHOHA HE BJIMSUIM HA KOJIMYECTBO JIMMQOIUTOB B
KPOBH >KHBOTHBIX. AKTUBHOCTb acliapTaTaMHHOTpaHCc(hepasbl
1 aJJaHHHAMHUHOTpaHC(epasbl B CHIBOPOTKE KPOBH TIOBBIIIIC-
Ha Ha 14-i1 neHb JieueHUsl )KUBOTHBIX M BO3BPALLACTCS K
HopMe Ha 21-if ners. BeiBoabl. HoBbie 4-THa30miiiHOHET
Les-3833 u Les-3288 okazasmich 3(eKTUBHBIME TIPH Jicye-
Hun suMbombsl NK/Ly, npusuroit mpiam BALB/C. Bimsinne
9THX MPOM3BOJHBIX TIPUBEIIO K MEHEE BBIPAKEHHBIXM HETa-
THBHBIM MOOOYHBIM 3(eKTaM y JICUSHHBIX MBIIIIEH.
KiawueBbie cJ10Ba: 4-THa30JIMANHOHBL, JIMMpoMa
NK/Ly, mprmm BALB/C, xnetku mmomsl C6, anomnTos
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