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Oxidative stress is one of the main mechanisms by which anticancer chemotherapeutics damage nor-
mal tissues and organs. At the same time, it is an important biochemical mechanism of the neoplastic action
of such medicines. The aim of the present study was to determine the pro-oxidant-antioxidant balance in vitro
and in vivo under the influence of novel 4-thiazolidinone-based chemotherapeutics with anticancer poten-
tial. An advantage of using these compounds in vivo is their low general toxicity, compared to doxorubicin
(Kobylinska L. et al., 2014, 2015, 2016). The 4-thiazolidinone derivatives (Les-3288, Les-3833, Les-3882) with
previously established anti-neoplastic activity in vitro (Kobylinska L. et al., 2016) and antitumor effect in vivo
(Kobylinska L. et al., 2018) were synthesized, dissolved in dimethyl sulfoxide, and administered intraperito-
neally to Wistar rats daily for 20 days. Doses of the injected drugs equaled 10% of the LD, , namely doxoru-
bicin - 5.5 mg/kg, Les-3882 and Les-3833 - 10.7 mg/kg, and Les-3288 - 24.3 mg/kg. The radical scavenging of
1,1-diphenyl-2-picrylhydrazil (DPPH) activity was measured. Concentrations of thio-barbituric acid-active
products were assessed in blood serum, liver, heart and kidney tissues of treated rats. Additionally, the activi-
ties of superoxide dismutase, catalase and glutathione peroxidase were measured in blood serum and these
tissues. We found that administration for 20 days of Les-3288, Les-3833 and Les-3882 compounds disturbed
the pro-oxidant-antioxidant balance in the treated rats. Increased amounts of products of reactions of lipid
peroxidation and exhaustion of the enzymatic antioxidant system in liver, heart and kidney tissues were de-
tected. In general, Les-3288, Les-3833 and Les-3882 compounds exhibited less pro-oxidant action, compared
with the effect of doxorubicin. According to the results of influencing the pro-oxidant-antioxidant balance in
the selected tissues, the studied compounds can be ranked in the following order: doxorubicin >> Les-3833
> Les-3288 >> Les-3882. The results of measuring direct scavenging ability of these compounds observed in
24 h suggests their lower toxic effect compared with the effect of the doxorubicin. The obtained results are in
correspondence with the results of our recent experiments demonstrating their antineoplastic effect in vitro
(Kobylinska L. et al., 2016) and anticancer action in vivo (Kobylinska L. et al., 2018), as well as their lower
general toxicity in vivo compared with doxorubicin (Kobylinska L. et al., 2014, 2015, 2016).
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he reactive oxygen species (ROS) are pri-

I mary inducers of apoptosis that are switched
on by chemotherapeutic drugs in tumor cells

[1-3]. However, neither the augmentation nor reduc-

tion of the amount of ROS can guarantee a positive
therapeutic effect of an applied antitumor drug. ROS

possess dual functions based on antagonism in the
action of their different types and the activity of
different systems of enzymatic and non-enzymatic
antioxidant defenses. At a low level, ROS can acti-
vate signaling mechanisms that promote cell prolife-
ration, whereas an excess of ROS irreversibly affects
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the molecular components of a cell and leads to its
death [4]. A balance between the production and neu-
tralization of ROS provides a pro-oxidant-antioxi-
dant balance or redox homeostasis in the cell [5,6].
An increase in the ROS level destroys tumor cells,
and, in general, these cells are considered more vul-
nerable to a disturbance of the oxidative-reductive
processes and mitochondrial functions than normal
cells. Consequently, an imbalance in the ROS and
redox homeostasis in cancer cells plays a key role
in anticancer chemotherapy [6]. A direct influence
of ROS on processes associated with apoptosis posi-
tively correlates with their overall toxic effect on cel-
lular structures, in particular, an impairment of the
mitochondrial respiratory chain [2, 7].

ROS participate in the oxidative stress caused
by anticancer drugs [4]. They can cause the severe
side effects induced by these drugs, as well as the
side effects of non-steroidal anti-inflammatory
drugs, anti-retroviral drugs, analgesics, and other
medicines. [3]. The oxidative stress-related cardio-
toxicity mechanisms of doxorubicin (Dox) action are
well known, and they include formation of free radi-
cals, lipid peroxidation, mitochondrial dysfunction,
impairment of calcium signaling, DNA damage, and
activation of apoptotic signaling [2]. Free radicals
induced by oxidative stress can also lead to energy
imbalance, whereas an inhibition of Dox-induced
ROS production significantly inhibits the above-
mentioned toxic effects of this anticancer drug [3].

The anticancer drugs used in chemotherapy
cause an excessive activation of lipid peroxidation
(LPO) in biomembranes and shift the redox balance
[8]. Cell damage induced by peroxides can be pre-
vented by the antioxidant system (AOS) that regu-
lates the LPO response in membranes and controls
the content of ROS and free radicals, by using both
enzymatic and non-enzymatic mechanisms [§8]. The
AOS not only deactivates the ROS and peroxides,
but also keeps an optimal concentration of free radi-
cals and a stationary level of LPO [9-11]. The mobili-
zation of the antioxidant activity (AOA) is an impor-
tant mechanism in the adaptation process, although
its effectiveness is not always sufficient to regulate
activated LPO and counteract peroxide-induced tis-
sue damage [6, 9].

The liver, heart and kidney tissues of rats are
good objects for studying the in vivo toxicity of anti-
cancer agents [12]. In liver tissue, the main reactions
occur for neutralizing xenobiotics, in particular the
anticancer drugs, while in kidney tissue the products

of drug metabolism can be found. Assessing the
toxic effect on heart tissue caused by chemothera-
peutic agents is informative, since most of these
agents possess cardiotoxicity. Thus, although liver,
heart and kidney tissues participate in drug metabo-
lism, they differ in the type of metabolic processes
according to their individual functions.

Presently, chemotherapy is the main approach
in the treatment of cancer patients. Therefore, there
is a perpetual need to develop various anticancer
agents that possess high treatment efficacy and mini-
mal side effects [13]. Synthetic heterocyclic 4-thia-
zolidinone derivatives have demonstrated high an-
tineoplastic potential in vitro within the framework
of the Developmental Therapeutic Program for new
antitumor compounds at the National Cancer Insti-
tute (Bethesda, Maryland, USA) [14-17]. As a result
of such studies, the pyrazoline-thiazolidinone-isatin
derivatives Les-3288, Les-3833 and Les-3882 were
selected as the most promising candidates for further
preclinical studies [18].

The aim of this study was to determine the
effects of the 4-thiazolidinone-based potential an-
ticancer chemotherapeutics — Les-3288, Les-3833,
Les-3882 — on the indicators of the pro-oxidant-
antioxidant balance in the liver, heart and kidneys
of laboratory rats. We hypothesized that these
compounds differentially affect the balance of the
products of LPO and the activity of enzymes of the
antioxidant defenses in the targeted organs. The di-
rect scavenging ability of these compounds towards
a reduced glutathione observed in 24 h was also
measured.

Materials and Methods

Drugs. The heterocyclic 4-thiazolidinone-
based chemotherapeutics (compounds Les-3288,
Les-3833 and Les-3882) were synthesized as de-
scribed previously [19]. Dox was purchased from a
Pfizer (Milano M, Italy) representative in Ukraine.

Animals. All experiments using experimen-
tal rats were conducted under the control of the
Bio-Ethics Commission at Danylo Halytsky Lviv
National Medical University (Protocol N4 dated
by April 18, 2016) in Lviv, Ukraine. Mature white
Wistar laboratory rats (200-220 g) were kept on
standard fodder in the animal facility with adequate
lighting and temperature conditions [12].

All compounds under study were administered
to rats intraperitoneally every day in the morning
before the first meal. Rats had 24-hour access to wa-
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ter. This procedure for drug administration is com-
mon in a pre-clinical study of medicines [12]. The
experiment lasted for 20 days. Dox was injected at
initial doses of 5.5 mg/kg for Les-3833, 10.7 mg/kg
for Les-3882 and 24.3 mg/kg for Les-3288. The dose
was gradually increased by 1.5 times during 4 days
in order to achieve a cumulative effect. The starting
dose equaled 10% of the maximum injected dose
calculated in experiments that determined the LC,;
[12]. The rats were euthanized on the 20" day by
decapitation under thiopental anesthesia. Serum was
obtained from blood samples. After taking organs
from each animal the tissue samples were homoge-
nized in phosphate buffer pH 6.0 1:4, centrifuged at
5000 rpm and supernatant was used to determine of
biochemical parameters.

Assay for scavenging activity. Radical scaven-
ging activity of 1,1-diphenyl-2-picrylhydrazil
(DPPH) was measured, as described by Asatiani et
al. [20]. A solution of 0.1 mM DPPH was prepared
and 1 ml of this solution was added to 3 ml of so-
lutions of the investigated drugs in concentrations
1 pg/ml. DMSO was used as a solvent. The reac-
tion mixture was vortex-mixed at room temperature,
and the absorbance was determined at 20 min after
mixing and at 24 h by measurement at 520 nm with
a multifunctional reader Infinite M1000PRO (Te-
can, Switzerland). A decrease in absorbance of the
resulting solution was then measured spectrophoto-
metrically at 520 nm. All experiments were repeated
three times with three parallels in each variant. In-
hibition (%) of DPPH free radicals was calculated
as follows: [(A, — A )I/A ]x100%, where A is the ab-
sorbance of the control and A is the absorbance of
the sample.

Measurement of TBA-active products. For
measuring the amount of malonic dialdehyde,
0.5 ml of a 1% solution of thiobarbituric acid (TBA)
in 50 mM NaOH and 0.5 ml of a 2.8% solution of
trichloroacetic acid were added to aliquots of tissue
homogenates. The mixture was kept for 20 min in
a boiling water bath, cooled to room temperature,
and then the optical density was read at 532 nm [21].
The concentrations of the TBA-active products were
presented as pmol/mg of protein.

The activity of superoxide dismutase (SOD,
EC 1.15.1.1) was measured in the reduction reaction
of nitrotetrazolium blue to nitroformazan. The as-
say medium contained 0.1 ml of blood serum or a
homogenate sample (1:10 dilution), 0.9 ml of distilled
water, 0.5 ml of absolute ethyl alcohol, 0.25 ml of

chloroform and 0.3 g of KH,PO,. The mixture was
shaken vigorously, centrifuged (5,000 rpm, 30 min),
and then 0.1 ml of NADPH and 0.05 ml of the incu-
bation solution (37 mg EDTA, 330 mg p-iodonitro-
tetrazolium violet, 55 mg phenazine methosulfate)
were added to the supernatant and incubated for
10 min at 20°C. The absorbance was read imme-
diately at 540 nm. SOD activity was presented as
pmol/min per ml or mg of protein [22].

The activity of catalase (CAT, EC 1.11.1.6) was
determined by measuring a decrease in the hydro-
gen peroxide (H,0,) concentration at 410 nm. The
assay medium consisted of 1 ml Tris-HCl buffer so-
lution (0.05 mmol, pH 7.8), 0.1 ml of blood serum
or homogenate sample and 2 ml of 0.03% H,O,.
The reaction was stopped after 10 min of incuba-
tion by adding 1 ml of 4% ammonium molybdate.
The measurement was conducted at 410 nm, and the
activity of CAT of blood serum was presented as mi-
cromoles of H,O,/min per ml or per mg of protein
[23].

The activity of glutathione peroxidase (GPO,
EC 1.11.1.9) was measured at 262 nm, as the quantity
of reduced glutathione. It was presented as micro-
moles of reduced glutathione per 1 min in 1 ml for
blood serum and in 1 mg of protein for tissues [24].

We also calculated the oxidative stress index
(OSI): LPO/SOD+CAT+GPO ratio, as reported by
Ruas et al. [25].

Data analysis and statistics. The results were
analyzed using GraphPad Prism 7 (GraphPad Soft-
ware, Inc, San Diego, CA, USA). Statistical analysis
was performed using a ¢-test or two-way analysis of
variance (ANOVA) for comparison of groups. All
data are presented as the mean + SD. P values less
than 0.05 were considered statistically significant
and marked with asterisks: * P < 0.05; *** P <0.01.

Results and Discussion

The content of TBA-active products is conside-
red to be an integrated indicator of the activity of
the reactions of LPO induced under the action of
various toxic agents [8]. Here we demonstrated a
similar pattern of content of LPO products in three
organs — liver, heart and kidney of rats treated with
each of the three 4-thiazolidinone-based deriva-
tives, with Dox used as a positive control. In liver,
Dox increased by 58% the content of TBA-active
products (Fig. 1). The same tendency was detected
in the liver of rats treated with Les-3833, but the in-
crease in content of TBA-active products was lower
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at 44% (Fig. 1). In heart tissue of rats treated for 20
days with Les-3833, the content of these products in-
creased by 94% (Fig. 1). A 20-day administration of
Les-3833 increased by 77% the content of the LPO
products in kidney tissue of the treated rats. The
effects of Les-3288 and Les-3882 on the content of
TBA-active products in liver, heart and kidney tis-
sues were significantly less than those of Dox. For
example, the content of LPO products after 20 days
of Les-3882 administration was increased by 52% in
heart tissue and after of Les-3288 administration by
40% in kidney tissue (Fig. 1).

Next, we measured the activities of the en-
zymes of the antioxidant defense system — SOD,
CAT and GPO - in liver, heart and kidney homoge-
nates of the experimental rats treated with different
4-thiazolidinone-based derivatives, with Dox used
as a positive control. Dox administration decreased
SOD activities in homogenates of all organs under
investigation: by 42% - in liver, 41% - in heart, and
35% - in kidney (Fig. 2). These effects could be ex-
plained by the action of free radicals induced by
Dox, because the cardiotoxic effect of Dox is based
on the increased generation of the superoxide anion

radical in mitochondria. In contrast, after 20 days of
administration, Les-3288 decreased SOD activity by
23% in heart tissue and 27% in kidney tissue (Fig. 2).
An injection of Les-3833 decreased SOD activity by
26% in rat liver, by 48% - in rat heart, and by 42% -
in rat kidney (Fig. 2). A 20-day administration of
Les-3882 decreased SOD activity by 75% only in
kidney tissue, while in heart tissue, this compound
slightly increased the activity of SOD (Fig. 2).

Administration of Dox led to a decrease in
CAT activity in homogenates of all investigated or-
gans of rats (Fig. 3). Whereas the effect of 20 days
of administration of Les-3288 was characterized
by an increase of CAT activity by 27% in liver, by
52% - in kidney, and by 43% - in heart (Fig. 3). Les-
3833 caused an increase of CAT activity by 20% in
liver and by 28% - in heart (Fig. 3). After 20 days of
administration, the Les-3882 compound acted dif-
ferentially on CAT activity by decreasing it by 28%
in heart and kidney, but by increasing it by 15% in
liver (Fig. 3).

The activity of the antioxidant enzyme GPO
was decreased under the action of all agents under
study (Fig. 4). Dox reduced the GPO activity by 34%
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Fig. 1. Concentrations of TBA-active products in blood serum, liver, heart and kidney of rats treated with
doxorubicin and Les-3288, Les-3833 and Les-3882. *P < 0.05; ***P < (.01 (difference compared to control).

TBA, thiobarbituric acid

10



L. Kobylinska, O. Klyuchivska, R. Lesyk, R. Stoika

superoxide dismutase activity
6009 E& blood M liver heart

ek

kidney 30

B
o
o
L

200+

activity units/ml - min

activity units/min - mg of protein

Fig. 2. Superoxide dismutase (SOD) activity in blood serum, liver, heart and kidney of rats treated with doxo-
rubicin and Les-3288, Les-3833 and Les-3882. *P < 0.05; ***P < 0.01 (difference compared to control)
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Fig. 3. Catalase (CAT) activity in blood serum, liver, heart and kidney of rats treated with doxorubicin and
Les-3288, Les-3833 and Les-3882. *P < 0.05; ***P < 0.01 (difference compared to control)
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Fig. 4. Glutathione peroxidase (GPO) activity in blood serum, liver, heart and kidney of rats treated with
doxorubicin and Les-3288, Les-3833 and Les-3882. *P < 0.05; ***P < 0.0 (difference compared to control)

in liver, by 36% - in heart, and by 68% - in kidney
(Fig. 4). After 20 days of administration, Les-3288
reduced the GPO activity by 39% in liver, by 41% -
in heart, and by 65.5% - in kidney (Fig. 4). After 20
days of administration, Les-3833 decreased the ac-
tivity of GPO by 28% in liver, by 41% - in heart, and
by 56% - in kidney (Fig. 4). The Les-3882 compound
had an inhibitory effect toward the activity of GPO
in all studied organs of the rats (Fig. 4).

We calculated the OSI index that shows the dif-
ference in the oxidative balance compared to a nor-
mal state that has an equilibrium between the pro-
oxidant and antioxidant components of the oxidative
balance [25]. Comparing the values of the OSI index
calculated as LPO/SOD+CAT+GPx ratio simplified
the interpretation of the obtained results. Low values
(<1) of the OSI index suggest an oxidation status that
is closer to oxidative balance and better antioxidant
defense. The OSI index increases proportionally
with the oxidative imbalance. Such an increase can
be caused by either an elevation of the pro-oxidant
species or a decrease of the antioxidant protection.
The higher values (>>1) of the OSI index suggest a
greater deviation of the pro-oxidant status from the

12

norm. The results of calculations of the OSI index
are presented in Table.

As one can see in Table, Dox possesses pro-
oxidant properties and the highest OSI was ob-
served in heart tissue. The compound Les-3833 has
a pro-oxidant effect in heart and kidney. While the
compounds Les-3288 and Les-3882 demonstrated a
smaller pro-oxidant action in blood and tissues, even
Les-3288 had a small antioxidant effect in blood.

In a final set of experiments, we investiga-
ted possible free radical scavenging activity of the
4-thiazolidinone-based derivatives and reduced
glutathione (GSH). The results presented in Fig. 5
demonstrate that the scavenging activity of the in-
vestigated substances depend significantly on both
their species and duration of action. After 20 min of
incubation, the highest anti-radical scavenging ac-
tivity was demonstrated by Dox and the Les-3833
compound. However, after 24 h of incubation, all
investigated 4-thiazolidinone derivatives increased
their antioxidant activities, while the radical scaven-
ging activity of Dox was decreased significantly.

The results of these in vitro experiments sug-
gest that the investigated 4-thiazolidinone-based
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The oxidative stress index (OSI) for blood serum, liver, heart and kidney tissues of rats under the influence of

doxorubicin and the 4-thiazolidinone derivatives

Blood Liver Heart Kidney
Control 1.00 £0.00 1.00 = 0.00 1.00 = 0.00 1.00 £0.00
Doxorubicin 3.21 £ 0.06%** 2.65 £ 0.21%%* 441 £ 0.18%** 2.93 £ 0.15%**
Les-3288 0.88 £0.03 1.15+0.09 1.31 £ 0.07 1.64 +£0.11
Les-3833 2.09 £0.12* 1.64 £0.16 2.44 £ 0.11+** 2.88 + 0.14%%*
Les-3882 1.02 +0.07 1.27 £0.23 1.81 £0.09 1.71 £ 0.08
*P <0.05; ***P < 0.01 (difference compared to control)
antioxidant activity
25-
B 20 min
. | B 24h
20+

Fig. 5. Scavenging ability (% of inhibition) in vitro of glutathione (GSH), doxorubicin and 4-thiazolidinone
derivatives (Les-3288, Les-3833 and Les-3882) at 20 min and 24 h. ***P <(0.01

derivatives — Les-3833, Les-3288, and Les-3882 —
possess both antitumor activity and free radical
scavenging potential that is increased with incuba-
tion time.

In a previous study, we showed that Dox and
the heterocyclic 4-thiazolidinone-based derivative
Les-3833 increased the level of the malonic dialde-
hyde in blood serum of laboratory rats, while the
related derivatives Les-3288 and Les-3882 did not
affect the amount of TBA-active products [26]. We
also showed that 4-thiazolidinone derivatives re-
duced the activity of SOD and GPO in blood serum
of rats, and that Les-3833 and Dox induced much
more potent inhibition of the activity of these en-

zymes compared to the action of other derivatives,
Les-3288 and Les-3882 [26].

The results of the present study demonstrated
that within 20 days the 4-thiazolidinone-based de-
rivatives (Les-3833, Les-3288, and Les-3882), which
possess antineoplastic activity in vitro and antitumor
activity in vivo, also cause changes in the balance
of the LPO products and the enzymatic system of
the antioxidant defense in rats. The detected increase
in the amount of products of LPO reactions and the
depletion of the activity of enzymes of the antioxi-
dant defense (SOD, CAT and GPO) in liver, heart
and kidney tissues of rats treated with the 4-thiazo-
lidinone derivatives are less pronounced than such

13
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changes induced by the known anticancer drug, Dox.
One can suggest that the general toxicity of the Les-
3288, Les-3833 and Les-3882 compounds would be
lower compared to that of Dox. This possibility was
confirmed in our former studies that demonstrated
much lower levels of the biochemical indicators of
cardiotoxicity, hepatotoxicity, and nephrotoxici-
ty in blood serum of rats treated with these com-
pounds compared to rats treated with Dox [27-29].
According to the results of measuring the amount
of products of the LPO reaction and the levels of
decreased activity of enzymes of the antioxidant
defense in three organs (liver, heart and kidney) of
treated rats, the studied agents can be ranked as: Dox
>> Les-3833 > Les-3288 >> Les-3882. These data are
in good correspondence with our previous data that
were obtained when the cytotoxicity and antitumor
effect of these agents were measured in vitro and in
vivo, correspondingly [18, 26, 30].

A correlation between an increased level of the
indicators of LPO in the biological membranes and
mitochondria and a decreased activity of enzymes
of the antioxidant defense induced by the antican-
cer drugs in liver, heart and kidney of the labora-
tory animals, on the one hand, and toxic effects (car-
dio-, hepato , and nephrotoxicities) of these drugs
in treated animals, on the other hand, have been
described in other studies [27-29]. However, the
novel 4-thiazolidinone derivatives used in our study
induced a much lower amount of products of LPO
and a much smaller decrease in the activity of en-
zymes of the antioxidant defense, compared to the
effects of Dox — the “gold standard” of anticancer
chemotherapy. Thus, the decreased general toxicity
observed from using these derivatives in vivo allows
their application at higher doses for treatment of
tumor-bearing laboratory animals. The LPO-AOA
balance in tissues and organs, specifically in liver,
heart and kidney, can be used as prognostic criteria
for evaluation of general toxic effects and treatment
effects of applied anticancer drugs.

Here we also addressed an important issue that
is rarely taken into consideration when evaluating
the efficiency of the treatment action of anticancer
drugs. This issue is the potential existence of in-
herent antioxidant properties of drugs, especially
their radical scavenging activity. In this study, we
described a unique capability of the 4-thiazolidi-
none derivatives for free radical scavenging. This

14

capability depended on (increased with) the incuba-
tion time in vitro, while such action of Dox was de-
creased with the incubation time. Such a characteris-
tic of the studied 4-thiazolidinone derivatives could
explain why these compounds possess much less
cardio-, hepato-, and nephrotoxicity compared with
Dox, because the free radical scavenging potential
of Dox was significantly lower after 24 h of incuba-
tion. Thus, in addition to antitumor activity, the Les-
3833, Les-3288, and Les-3882 compounds possess
free radical scavenging potential that could be very
important for inactivation of deleterious free radi-
cals in biological systems. Scavenging of the stable
DPPH radical is a widely used method for evaluating
AOA [20]. DPPH is a stable free radical capable of
accepting an electron or hydrogen radical to become
a stable diamagnetic molecule. In this experimental
model, glutathione (known antioxidant) was used as
a positive control [31]. Further studies are needed to
determine in more detail the biochemical mecha-
nisms regulating AOA action of the 4-thiazolidinone
derivatives, as well as to establish the pharmacologi-
cal efficacy of these promising anticancer agents.

Taking into account our results from evalu-
ation of the OSI index, one can consider that Dox
and the Les-3833 derivative have a well expressed
pro-oxidant effect, while the effects of the Les-3288
and Les-3882 compounds are less pro-oxidant. Of
course, the free radical scavenging activity of these
compounds in a simple model system consisting
of the anticancer compound and the DPPH radical
scavenger cannot fully reflect the pro-/anti-oxidant
action of this compound in a complicated cellular
system or living animal.

Conclusion. The results of our in vivo studies
suggest that 4-thiazolidinone derivatives (Les-3288,
Les-3833 and Les-3882) possess different anticancer
potential, since only Les-3833 is capable of signifi-
cant activating free radical processes and decreasing
the activity of the antioxidant enzymes (SOD, CAT,
and GPO) in liver, heart and kidney tissues of labo-
ratory rats. The pro-oxidant-antioxidant balance in
these tissues is an informative criterion for elucida-
tion of the mechanism of toxic lesions induced by
the anticancer drugs in animals. The results of our
in vitro study of free radical scavenging activity of
various 4-thiazolidinone-based derivatives and Dox
suggest a weak scavenging potential for free radicals
that increases with incubation time.
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OkHCITIOBANIBHUN CTpeC € OJHUM 13 OcC-
HOBHUX MEXaHI3MiB, 3a SKHUM MPOTHITYXJHHHI
XIMIOTEpaneBTHYHI 3acobu MOMIKOKYIOTh
HOpMallbHI TKaHWHU Ta OpraHu. Y TOH camwuii
yac, BIH € BaXXJIMBHM OIOXIMIYHHM MEXaHI3MOM
MPOTUITYXJIMHHOI i1 WX mpenapariB. MeToro 1b0-
ro JOCHIJDKCHHS OyJIO BH3HAYUTH IMPOOKCHJAHT-
HO—aHTHUOKCUIAHTHUN OanaHc in vitro Ta in vivo 3a
JiT HOBUX T€TEPOLMUKIIIYHUX CIIONYK i3 MPOTHUITYX-
JUHHUM TIOTEHIIIaJIOM Ha OCHOBI 4-Tia30J1iIHHOHY.
IlepeBaroro BUKOpUCTAaHHSI LIUX CIONYK i1 Vivo €
iXHS HM3bKa 3arajbHa TOKCHYHICTH IMOPIBHSHO 3
nokcopyoirHoM. ToxinHi 4-TiazoniguHony (Les-
3288, Les-3833, Les-3882) 3 pawimie BCTaHOBJIC-
HOI0 aHTHWHEOIUTACTUYHOI aKTHBHICTIO i1 Vitro i
MPOTUITYXJIMHHUM €(EeKTOM in Vivo CUHTe3yBaH,
PO3UUHSAIN Y JIUMETHICYITb(POKCHII 1 BBOIUIH
BHYTPIITHHOOUYEPEBUHHO IIIypaM JiHii Bictap mox-
Hs nipotsrom 20 nHiB. J[03U BBEIEHUX IMpeEnaparis
Bianosinamu 10% LD, , a came: jokcopyO6inun —
5,5 mr/kr, Les-3882 1 Les-3833 — 10,7 mr/kr, a
Les-3288 — 24,3 wr/kr. BumiproBanu paauka-
MOIVIMHAJIBHY ~ aKTUBHICTH mogo  1,1-nudenin-

2-mikpunarigpaszuny (DPPH) B mocmimxyBaHux
npernaparis. AKTHUBHICTb JITIOTIePOKCHU TAITi i
ouiHoBanu 3a BMicToM TBK-akTHBHUX MPOAYKTIiB
y TKaHWHAX TICUIHKH, CEpIs 1 HUPOK IIypiB.
AKTHBHICTh CYNEPOKCHUAINCMYTa3M, KaTajaasu i
[IIyTaTIOHNEPOKCUAA3M BU3HAYaIM B CHPOBATIi
KpOBI i TKAHWHAX Iy piB. BcTaHoBIEHO, 1110 BBEICH-
Hs npotsarom 20 auiB cronyk Les-3288, Les-3833
i Les-3882 mopyurye mpookcHIaHTHO—aHTHOKCH-
JIAHTHUW OaJiaHC y MiJIOCIIIHUX IIypiB. Buspie-
HO 3pOCTaHHS KOHIIGHTpalii MpPOAYKTIB peaxuii
MIEPOKCUTHOTO OKHUCJICHHSI JIIiJIB 1 BUCHAXCHHS
€H3MMAaTUYHO! aHTMOKCUJJAHTHOI CUCTEMU B TKAHU-
Hax Me4iHKH, cepus i Hupok. Cronyku Les-3288,
Les-3833 1 Les-3882 BusBIsIIM MEHIY IPOOKCH-
JaHTHY A110 TIOPIBHSHO 3 €EKTOM JIOKCOpYyOiluHYy.
3a pesynpraTaMd BIUIMBY Ha IPOOKCHIaHTHO—
AHTUOKCHJIAHTHHUI OaJlaHC B OOpaHMX TKaHWHAX
JIOCITIJ)KYBaHI CIIOJIYKH MOKHA PO3MICTHTH TaKUM
YUHOM: JTOKCOpYOirnH >> Les-3833> Les-3288 >>
Les-3882. OnepixaHi pe3yinbraTh y3roIKyHThCS 3
pe3ysbraTaMy HalllMX HEI[OJaBHIX SKCIICPUMEHTIB
[I0JI0 aHTUHEOIIACTUYHOTO €(PeKTy UX MOXiTHUX
in vitro Ta X NPOTUNYXJIMHHOI il in vivo. Takox
POJIEMOHCTPOBAHO HMKYY 3arajbHy TOKCHYHICThH
X in vivo TIOPiBHSIHO 3 TAKUM e(peKTOM, OKa3aHIM
paHiiie i1 JoKCopyOiluHY.

KnwuoBi ciaoBa: mnoxigHi 4-tia3zo-
JIi TUHOHY, IOKCOPYOIIMH, IIPOTYKTH TEPOKCHITHOTO
OKHCJIEHHS JIITIAIB, EH3UMU aHTHOKCHUIAHTHOIO 3a-
XUCTY, TPOOKCHIAHTHO—aHTHOKCUJAHTHH I OastaHC.
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