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The aim of this study was to compare the effect of new synthetic 4-tiazolidinone derivatives (compounds
3882, 3288 and 3833) and doxorubicin (positive control) in free form and in their complexes with synthetic
polyethyleneglycol-containing nanoscale polymeric carrier on the biochemical indicators of hepatotoxicity
in blood serum of rats. The activity of enzymes considered as the markers of hepatotoxicity, as well as the
concentration of total protein, urea and creatinine were measured in blood serum of rats. It was found that
after injection of investigated compounds the activities of alanine aminotransferase, alkaline phosphatase and
a-amylase increased in comparison to control. Doxorubicin injection was accompanied by 4-fold increase in
the activity of y-glutamyltransferase, and injection of compound 3833 led to 2.5-fold elevation of the activity of
this enzyme. Complexation of these antineoplastic derivatives with a synthetic nanocarrier lowered the activity
of the investigated enzymes substantially if compared to the effect of these compounds in free form. The most
evident decrease was measured for a-amylase, y-glutamyltransferase and lactate dehydrogenase activities.
The normalization of concentrations of total protein, urea and creatinine in blood serum of rats treated with
complexes of the studied compounds with a polymeric carrier comparing with their introduction in free form
was also detected. Thus, the immobilization by novel polymeric carrier of anticancer drugs possessing high
general toxicity in the treated organism mitigates their toxic effect, which is evident as normalization of
specific biochemical indicators of the hepatodestructive effects of the anticancer drugs.

Key words: hepatotoxicity, 4-thiazolidinone derivatives, doxorubicin, polymeric nanocarrier, enzyme
activity, blood serum, rats.

( j hemotherapy is one of the most efficient
methods for treatment of patients with on-
cological pathologies [1-3]. Nevertheless, its

application is hindered by a number of issues, the

main of which are insufficient specificity of antican-
cer drugs and their high generalized toxicity, espe-
cially their hepatotoxicity, cardiotoxicity, nephro-
toxicity, and neurotoxicity [1-7]. Drug-induced toxic
lesions are the most widespread cause for withdraw-
al of medicinal preparations that had been approved
for use in clinical practice [6, 7]. Hepatotoxic action
of anticancer compounds is frequently associated
with numerous clinical and morphological manifes-
tations of pathology of liver, which is a central organ
of metabolism [2, 3, 5-7]. The general interrelated
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mechanisms that lie in the basis of cytotoxicity of
xenobiotics include imbalance of energy metabo-
lism, changes in intracellular calcium homeostasis,
activation of free-radical peroxidation in cell, inhibi-
tion of protein synthesis and cell division, damage to
cell membranes [3, 5-7].

The liver carries out a number of metabolic, he-
matopoietic, defensive and excretive processes, plays
a central role in intermediate metabolism, and is a
primary site for detoxification reactions [5-7]. It is a
major participant of processing various xenobiotics,
including pharmaceuticals [3, 7]. Hepatocytes con-
tain enzymes that modify and conjugate compounds
of exogenous and endogenous origin. According to
clinical studies, liver lesions by pharmacological

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 2



L. I. KOBYLINSKA, D. Ya. HAVRYLYUK, A. O. RYABTSEVA et al.

substances are responsible for about 10% of the side
effects associated with anticancer treatment [2, 6, 7].
The liver is the focus for toxic effects of most of the
cytostatics, as it is the primary site of their metabo-
lism [6-8]. Hepatocytes operate at high concentra-
tions of pharmaceuticals that could already be toxic
in their native state, and may gain more toxicity after
being modified via metabolic processing [2, 3, 7].
Biotransformation leads to biochemical and physic-
chemical modifications to pharmaceutical molecules,
which may produce polar water-soluble compounds
under these conditions, losing their pharmacological
activity in the process, becoming less toxic and more
easily excreted from the organism [6, 7]. Xenobiotics
are purged from an organism in two stages. The first
is a metabolic one, directed to introduction of po-
lar groups in the molecule via cytochrome P450 hy-
droxylase system. The second is a conjugation stage,
when the foreign compounds are bound to certain
water-soluble ligands [3, 6, 7]. Moreover, the anti-
cancer drugs may exert a cumulative toxic influence
on liver functioning [2, 5, 7]. The biological effect
of medical substances is dependent on their dosage,
concentration of the active substance, manner of
introduction, and duration of therapeutic influence.
Nevertheless, the hepatocytes are mostly damaged
not by pharmaceuticals on their own, but by their
toxic metabolites [3, 6, 7].

As a result of a screening program conducted
in the National Cancer Institute (USA), we proposed
a group of synthetic heterocyclic 4-thiazolidinone
derivatives as potential antitumor agents [9, 10]. The
compounds of this class are known for their anti-
cancer activity as well as for their other biological
effects, such as antibacterial, fungicidal, antiviral,
anti-inflammatory, and antidiabetic actions [10]. The
results of our previous studies on antitumor efficien-
cy of 4-thiazolidinone derivatives, including those
of pyrazoline substitution [9, 10] allowed drawing
a conclusion that the pyrazoline-thiazolidinone-in-
doline conjugates demonstrate the most promising
results, and that the most active ones are the com-
pounds 3288, 3833 and 3882 [11, 12]. The molar
masses of these synthetic substances are 559.44 g/
mol (3288), 530.61 g/mol (3882), and 609.51 g/mol
(3833).

In previous studies, we have demonstrated
that combining of thiazolidinone, pyrazoline and
2-oxoindoline moieties in a more ‘rigid’ tricyclic
system — 3-[2-(3,5-diaryl-4,5-dihydropyrazol-1-yl)-
4-ox0-4H-thiazol-5-iliden]-1,3-dihydroindol-2-one —
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allows us to achieve high cytostatic activity in 60
strains of human cancer cells without a pronounced
selective effect [9, 12]. All the three compounds —
3288, 3833 and 3882 — are structurally similar and
belong to a group of pyrazoline-thiazolidinone-
isatins which were patented by us and have a no-
ticeable antineoplastic activity in vitro that led us to
study their effect on laboratory animals [12, 13].

It is well known that clinical application of
doxorubicin is associated with a number of side ef-
fects [4, 14]. For instance, alternative approaches are
in the active development with the aim of achieving
targeted delivery of effective doses of the drug
packaged in liposomes, polymeric micelles, den-
drimers, ceramic nanoparticles, iron oxides, various
proteins etc. [15, 16]. Targeted drug delivery with
nanocarriers is more efficient in terms of bioavaila-
bility, adverse side effects minimization, mitigation
of total toxicity to healthy tissues and organs, and
reduction in total cost of treatment. The advantage of
nanomaterial-based pharmaceuticals over traditional
ones lies in the prolonged internal circulation, ability
to sustain high efficiency for extended time periods,
and ability to be present in the required concentra-
tion in the target site [15]. In example, doxorubicin
inclusion in liposomes extends its circulation period
300-fold and improves its pharmacokinetics if com-
pared to these properties of free doxorubicin [15,
17, 18]. The application of specific carriers for drug
delivery allows us to improve substantially the ef-
ficacy of their therapeutic performance as well as to
mitigate their adverse side effects [16, 17].

The studies aimed at creation of polymeric na-
nocarriers capable of transporting a toxic antican-
cer agent are particularly worth mentioning. There
have been described applications of water-soluble
comb-like polymer containing primary chain based
on copolymer of unsaturated peroxide 2-tert-butyl-
peroxy-2-methyl-5-hexene-3-yne (VEP) and glycidyl
methacrylate (GMA) with polyethylene glycol (PEG)
side chains as a carrier for anticancer drug doxoru-
bicin [17-19].

It is known that toxic effects of antitumor drugs
is associated with their decreased absorption by
hepatocytes, changes in activity of certain enzymes,
and inhibition of their interaction with blood serum
proteins [6, 7]. Marker enzymes and metabolites,
the levels of which are taken to reflect the metabolic
status of liver, are commonly used to evaluate hepa-
tocellular damage by synthetic compounds [5-7].
Pathophysiologic manifestations of drug-induced
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hepatotoxicity are characterized by both intracellu-
lar and extracellular changes in hepatocytes [6, 7].
Some symptoms are traditionally taken as pertaining
to liver lesion, such as bile ducts damage, hepato-
cytes lysis, transport protein degradation, T-cell cy-
tolytic activity, apoptosis of hepatocytes, and disin-
tegration of mitochondria [6, 7]. Nevertheless, the
particular mechanisms of hepatotoxicity of pharma-
ceuticals, including anticancer drugs, remain largely
unknown. Elevated serum levels of alanine ami-
notransferase (AIAT), alkaline phosphatase (AlP)
and y-glutamyltransferase (GGT) are observed at liv-
er pathologies. This is explained by their increased
biosynthesis in bile ducts cells, solubilization and
release in bloodstream [5-7]. These phenomena are
observed during intrahepatic as well as extrahepat-
ic obstruction, when activity of the mentioned en-
zymes may exceed normal levels 5 to 10 times [4-6].
The profound increase in enzymatic activity with no
consecutive decrease indicates the veritable toxicity
of the pharmaceutical, which indicates the need for
immediate termination of treatment.

The aim of the present study was to investigate
a possibility of alleviation of hepatotoxic effects as-
sociated with novel synthetic derivatives of 4-thia-
zolidinones (compounds 3882, 3288, 3833) under
conditions of their injection to laboratory rats in
complex with polyethylene glycol nanocarrier. The
effect was compared to that of the action of com-
pounds in free-form. The effects of a well-known
anticancer drug doxorubicin with and without nano-
carrier particles were used for a positive control. The
hepatotoxicity was evaluated by measuring marker
enzymes’ activity, total serum protein content and
serum concentrations of a number of metabolites.

Materials and Methods

All the manipulations with laboratory animals
were conducted in accordance with the bioethics
standards [20-22, 25], with the Decree No 944 by the
Ministry of Health of Ukraine issued on 14.12.2009
“Establishing the order of conduct for preclinical
studies of pharmaceutical substances and expert
evaluation of materials from preclinical studies of
pharmaceutical substances”, and with current metho-
dological recommendations [21].

The study was conducted on mature wild-type
white laboratory rats with body mass of 200 to 220 g
that were kept on standard fodder in animal facility
compound with adequate lighting and temperature
conditions.
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The compounds 3882, 3288, 3833 were pro-
duced at the Department of Pharmaceutical, Organic
and Bioorganic Chemistry of the Danylo Halytsky
Lviv National Medical University [10, 23]. Doxoru-
bicin (Arterium, Ukraine) was of standard pharmacy
distribution. The polymeric carrier was synthesized
at the Department of Organic Chemistry of the Lviv
Polytechnic National University [24].

In vivo experiments were conducted on rats
with daily injections of compounds 3882, 3288,
3833 or their polymeric complexes for 20 days. The
study used 10 groups of 20 animals each: 1 — con-
trol group (intact animals); 2 — doxorubicin injec-
tions group; 3, 4 and 5 — experimental groups, ani-
mals received injections of compounds 3288, 3882
and 3833, correspondingly; 6 — experimental group,
animals received injections of polymeric carrier and
doxorubicin complex; 7, 8, 9 — experimental groups,
animals received injections of polymeric complexes
with compounds 3288, 3882 and 3833, correspondin-
gly; — 10 polymeric carrier injection group.

The investigated compounds were introduced
daily by intraperitoneal injections once a day after
fasting. The experiment lasted for 10 days for ani-
mals that received doxorubicin and for 20 days for
animals that received the synthetic anticancer com-
pounds. Doxorubicin was injected starting with dose
of 5.5 mg/kg, compounds 3882 and 3833 — starting
with doses of 10.7 mg/kg, and compound 3288 —
starting with dose of 24.3 mg/kg. The dosages were
gradually elevated 1.5 times for 4 days to achieve
cumulative effect. The starting dosage was 10% of
maximum injected dosage in experiments for LC,
determination [8, 13, 14, 22].

The rats were euthanized on the 10™ or 20" day
by decapitation under thiopental anesthesia. The
blood was used to obtain serum in which activities
of alkaline phosphatase (AIP; 3.1.3.1), a-amylase
(3.2.1.1), y-glutamyltransferase (GGT; 2.3.2.2), lac-
tate dehydrogenase (LDH; 1.1.1.27), alanine ami-
notransferase (AlAT; 2.6.1.2) were measured, and
concentrations of total protein, urea, creatinine,
calcium ions and iron ions were determined. These
parameters were measured with standard kits for
automated biochemistry analyzer (Humalyzer 3000,
Germany) [26].

The statistical processing of the data was done
by conventional methods for analysis of varian-
ce using MS Excel software for Student’s z-test.
The difference was considered to be significant at
P <0.05.
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Results and Discussion

The detailed in vitro screening of compounds
3288, 3882, 3833 was done using standard methodo-
logy of the National Cancer Institute (NCI, USA).
The results indicate high antineoplastic activity of
those 4-thiazolidinone derivatives against most of
the 60 human cancer cell lines used in the testing.
This was determined by mean values of effective
(pGI,)), cytostatic (pTGI) and cytotoxic concentra-
tions (pLC, ) (Fig. 1). It is worth mentioning that cy-
toinhibiting effect of compound 3833 (as indicated
by pGI,, and pTGI) was nearly the same as that of
doxorubicin, while compound 3288 demonstrated
even higher cytotoxicity (pLC, ) than that of doxo-
rubicin under the experimental conditions (Fig. 1).

The above data allows one to establish corre-
lation between structural properties and activity of
the investigated compounds and to assert that the
Br atom at position 5 of indolyne moiety is crucial
for the increased cytotoxicity. On the contrary, the
substitution of phenyl radical at position 3 of pyra-
zolyne cycle of compound 3288 with naphtyl moiety
of compounds 3833 and 3882 is of lesser importance.

As liver tissue gets damaged, the cytoplasmic
and mitochondrial enzymes of hepatocytes are re-
leased into bloodstream. Thus, increased AIAT, AP,
GGT, LDH, and a-amylase activities are perceived
as important markers of liver-associated pathological
conditions [5-7].

Under 10-day doxorubicin injections (group 2)
serum GGT activity was found to increase 4 times
(Fig. 3), while AIP and a-amylase activities were ap-
proximately doubled in comparison to control (Fig. 4
and 5). The AIAT activity was elevated by a smaller
margin of 41% (Fig. 2). Combined injections of dox-
orubicin and PEG-based carrier under similar con-
ditions led to 30% decrease in serum GGT activity
if compared to control which is 6 times lower than
the same index of the group that received doxoru-
bicin alone (Fig. 3). Serum a-amylase activity in the
group 6 after 10 days of combined doxorubicin-na-
nocarrier injections increased by 50%, which is 42%
lower than that in group 2 with carrier-less injections
(Fig. 5).

The 10-day long injection course of doxoru-
bicin led to decreased serum urea, total protein,
and creatinine concentrations, and to an increased
serum calcium concentration (Table 1). Injections
of doxorubicin-nanocarrier complex (group 6) led
to changes that were less pronounced than those in
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Fig. 1. Results of in vitro screening of compounds
3288, 3882 and 3833 in comparison with doxorubicin

the group receiving doxorubicin alone (group 2) (Ta-
ble 1).

Injections of compound 3288 to animals of
group 3 led to an increase in GGT and AIP activities
1.5 times on the 10" day of treatment and 2 times
on the 20" day of treatment (Fig 3, 4). In contrast,
AlAT, a-amylase and LDH activities were not ele-
vated significantly in this group in comparison to
control, with the exception of AIAT activity that was
found to be 48% increased on the 20" day (Fig. 2,
5, 6).

Injection of complexes of compound 3288 and
PEG-based carrier (group 7) was associated with di-
minished activity of all enzymes for 20 days, which
indicates hepatotoxicity, in comparison with control
group and group 3 (compound 3288 without the car-
rier) (Fig. 2-6). Compound 3288 injection decreased
the concentrations of the metabolites, and returned
these parameters to normal values if injected in a
complex with the polymeric nanocarrier (group 7)
(Table 1, 2).

Compound 3882 injections for 10 days
(group 4) led to 2.5 times increased GGT activity,
AIAT activity — by 75%, AIP activity — by 52%,
a-amylase activity — by 44%, all of which indicate
high hepatotoxicity of this substance (Fig. 2-5).
Blood serum activity of the marker enzymes was
also elevated after 20 days of compound 3882 injec-
tion: 2.3-fold increase in GGT activity, 2-fold in AIP
activity and 52% in LDH, while AIAT activity was
by 35% lower than that in control group (Fig. 2-4,
6). We found decrease in the activity of these en-
zymes under the effect of compound 3882 injections
in complex with the polymeric carrier for 20 days
(group 8): 4-fold for GGT activity and 2-fold for AIP
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Fig. 2. Serum alanine aminotransferase activity of rats injected with doxorubicin (Dox), compounds 3288,
3882 and 3833, and complexes of these substances with the polymeric carrier (PC) for 10 days (blue) and
20 days (pink). Here and for Fig. 3-6: 1 — control, 2 — 3288, 3 — 3288+PC, 4 — 3882, 5 — 3882+PC, 6 — 3833,
7 — 3833+PC, 8 — Dox, 9 — Dox+PC, 10 — PC. *P < 0.05 in comparison to the corresponding group without
PC injections

1 2 3 4 5 6 7

16
1.4
1.2
1.0

0.8
0.6
04 |- %
0.2 -i = t
o +md — — —
1 2 3 4 5 6 7 8 9 10

Fig. 3. Serum y-glutamyltransferase activity of rats injected with doxorubicin, compounds 3288, 3882 and
3833, and complexes of these substances with the polymeric carrier for 10 days (blue) and 20 days (pink)

y-glutamyltransferase, pkat/|

7
z 6
X~
~ 5
2 *
5 4 * *
<
& 37
o
S 2-
()
£ 11
©
X
ZO' L | E— L
1T 2 3 4 5 6 7 8 9 10

Fig. 4. Serum alkaline phosphatase activity of rats injected with doxorubicin, compounds 3288, 3882 and
3833, and complexes of these substances with the polymeric carrier for 10 days (blue) and 20 days (pink)
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Fig. 5. Serum a-amylase activity of rats injected with doxorubicin, compounds 3288, 3882 and 3833, and
complexes of these substances with the polymeric carrier for 10 days (blue) and 20 days (pink)

Table 1. Blood serum concentrations of metabolites in rats injected for 10 days with investigated com-
pounds or their complexes with the polymeric carrier (PC)

Experimental groups thal Creatinine, N Iron ions,
protein, g/l | Urea, mmol/I umol/l Ca*", mmol/l umol/l

Control (group 1) 75.8 £3.2 48+04 746 £2.6 247 +£045 377+£22
Doxorubicin (group 2) 55.8£4.1 1.9+0.2 56729 3.60 +0.39 314+29
Doxorubicin &
PC (group 6) 71.8 = 4.3% 3.5+£04% 77.35+£3.90*  2.49 + 0.28* 384+2.8
3288 (group 3) 571+3.4 33+£0.3 64.1+32 2.80£0.31 28.3+3.1
3288 & PC (group 7) 854 £5.1% 52 +0.5% 70.7 £3.8 2.29 +£0.26 309+33
3882 (group 4) 77.0 £4.5 4.7+0.6 534+2.38 3.00£0.21 35.0+3.1
3882 & PC (group 8) 87.8 +4.8 4.7+09 72.9 £ 3.1* 2.84+£0.18 49.3 +£3.8%
3833 (group 5) 50.3+27 34+0.5 677+3.5 3.10+0.35 150+6.2
3833 & PC (group 9) 81.4 +4.4* 43+04 68.5+34 2.37+£0.29 46.2 £ 3.7*

Here and for Table 2*P < 0.05 in comparison to corresponding group that did not receive the PC

Table 2. Blood serum concentrations of metabolites in rats injected for 20 days with investigated com-
pounds or their complexes with the polymeric carrier (PC)

Experimental groups thal Urea, Creatinine, N Iron ions,
protein, g/1 mmol/I umol/l Ca*", mmol/l pmol/l
Control (group 1) 76.5+3.5 43+0.2 82.5+4.1 2.50+0.34 424+21
3288 (group 3) 542+28 2.8+04 643 +3.3 2.60 +0.51 277+2.2
3288 & PC (group 7) 73.2 £3.9* 39+0.6 752 £4.2% 2.92+0.42 36.2 £2.9%
3882 (group 4) 61.8 +£3.1 24+0.5 65.1 £3.8 2.60 = 0.39 257+19
3882 & PC (group 8) 742 +4.2 4.8 £0.3*% 752 +£3.9 3.49 +0.32* 53.2+£2.8*%
3833 (group 5) 602+29 39+0.6 67.1£29 2.60 = 0.41 32.6+3.1
3833 & PC (group 9) 74.3 £ 4.4% 2.6+04 70.7£3.4 3.15+0.33 293 +3.2
PC (group 10) 67.5+3.2 51+£03 707 +£2.9 3.22+0.51 425+32
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activity, if compared to group 4 (compound 3882
injections without the carrier) (Fig. 3, 4). Concen-
tration of iron ions and creatinine in blood serum
was decreased under the effect of compound 3882
10-day injections, and serum concentrations of urea,
calcium and iron ions decreased under 20-day in-
jections of this compound (Table 1, 2). All of these
parameters were within their normal limits in groups
of animals injected with 3882-carrier complex, al-
though total protein level was elevated by 16% (Tab-
le 1, 2).

We found that AIP activity activity was dou-
bled in blood serum of rats under effect of 10-day
injections of compound 3833 (Fig. 4). In this group,
GGT activity was increased by 88%, a-amylase — by
30%, while AIAT activity remained within normal
limits, and LDH activity was by 34% lower than that
in control group (Fig. 2, 3 5, 6). The injections of
compound 3833 for 20 days led to 3-fold increase
in GGT activity and 45% increase in LDH activity
in comparison to control group (Fig. 3, 6). The ef-
fect of complex of compound 3833 and nanocarrier
(group 9) was characterized with by 37% lower GGT
activity in comparison with group 5 (the free sub-
stance without the carrier), and also by 44% higher
AIP activity and by 27% higher a-amylase activity
in comparison to control (Fig. 3-5). AIAT activity
was diminished by 58% after 20 days injection of
this compound (Fig. 2).

Group 10 of animals who received the polyme-
ric nanocarrier alone, demonstrated 55.4% elevation
in the AIP activity on the 20" day in comparison
with the control one (Fig. 4). The activity of other
enzymes was shown to be close to the normal values
with minor deviations: GGT activity was decreased
by 10%, AIAT — by 18%, LDH — by 33%, while
a-amylase activity was by 17% higher than that of
the control group (Fig. 2, 3, 5, 6). Concentrations
of blood serum metabolites remained mostly un-
changed under effect of 20 days of the polymeric
carrier injections (Table 2).

Blood serum AIP activity is generally conside-
red to be an enzymatic marker of the metabolic
cholestasis [5-7]. We detected two-fold increase in
AIP activity in rats receiving doxorubicin, and 52%
increase of AIP activity in animals injected for 10
days with compounds 3288 and 3882. It took 20
days of injections of compounds 3288 and 3882 to
achieve the 2-fold increase of the activity of blood
serum AIP. Treatments with complexes of the inves-
tigated compounds with the polymeric nanocarrier
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was found to decrease the AIP activity in compari-
son with the corresponding experimental groups that
did not receive carrier injections (Fig. 4). AIP activi-
ty was 4 times lower on the 10 day of treatment in
group 4 (doxorubicin in complex with nanocarrier
injections) in comparison with that of group 2 (free
doxorubicin injections).

Daily injections of doxorubicin for 10 days led
to 41% increase of serum AIAT activity, and injec-
tions of compound 3288 led to 35% increase of this
activity (Fig. 2). Compounds 3288, 3882 and 3833
when injected in complexes with the polymeric
nanocarrier caused a decrease in AIAT activity by
38%, 10%, and 58%, correspondingly (groups 3, 4
and 5) on the 20" day of treatment. We observed in-
significant decrease by 18% of AIAT activity under
the effect of the polymeric carrier alone (Fig. 2).

Injections of compounds 3288, 3882 and 3833
for 20 days led to increased LDH activity by 37%,
52% and 45%, correspondingly (groups 3, 4 and 5)
(Fig. 6), while doxorubicin injections under these
conditions led to 100% lethality among animals of
the experimental group. The ability of compounds
3288, 3882 and 3833 to increase blood serum LDH
activity was largely mitigated if they were injected
for 10 days in complex with the polymeric nanocar-
rier (Fig 6). Blood serum LDH activity after 20 days
of such complex injections was diminished more no-
ticeably — by 26%, 47% and 33%, correspondingly
(groups 3, 4, and 5) (Fig. 6). We observed similar
(33%) decrease in the LDH activity in serum of rats
injected with the polymeric carrier alone.

GGT is one of the primary enzymes that mark
liver lesion directly, which is corroborated by our
study. For instance, under the effect of 10-day doxo-
rubicin injection GGT activity was 4 times higher
than that in the control group (Fig. 3). The synthetic
4-thiazolidinones derivatives also increased the ac-
tivity of this marker of hepatotoxicity, albeit by a
much smaller margin than in the control group. All
the complexes of the investigated compounds with
the polymeric carrier caused significant decrease
in GGT activity: 6-fold — for doxorubicin complex
with PC (group 6), 2-fold — for 3288 complex with
PC (group 7), 4-fold — for 3882 complex with PC, in
comparison with corresponding groups that received
injections of compounds without the carrier (Fig. 3).

Injections of the anticancer agents were asso-
ciated with lowered concentrations of iron ions: by
27% — under the effect of doxorubicin, by 35% — un-
der the effect of compound 3288, by 40% — under the
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Fig. 6. Serum lactate dehydrogenase activity in rats injected with doxorubicin, compounds 3288, 3882 and
3833, and complexes of these substances with the polymeric carrier for 10 days (blue) and 20 days (pink)

effect of 3882 (Table 1, 2). The combined treatment
with the investigated compounds and polymeric
nanoscale carrier was accompanied by increased
concentration of iron ions in comparison to normal
values. Serum iron ions concentration increased by
25% in group 8, which was treated with complex of
compound 3882 with the PC. The nanocarrier alone
did not influence blood serum concentrations of iron
ions (group 10).

AIAT activity was elevated in all experimental
groups in comparison to control. AIP and a-amylase
activities were also elevated. We detected 4 times
higher GGT activity after doxorubicin injections and
2.5 times higher under the effect of compound 3833.

Thus, we demonstrated that combining antican-
cer substances with the polymeric nanocarrier serves
to decrease blood serum activity levels of most of the
measured enzyme markers of hepatotoxicity in com-
parison with effects of the same compounds applied
without the carrier. We also found normalization of
concentrations of total protein, urea, creatinine in
groups that were treated with complexes of investi-
gated compounds with the polymeric carrier in com-
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parison with the corresponding values in groups that
received the investigated compounds alone.

Therefore, we established that treatment of
experimental animals with novel synthetic 4-thia-
zolidinone derivatives (compounds 3882, 3288 and
3833) leads to changes in the activity of alkaline
phosphatase, a-amylase, y-glutamyltransferase,
lactate dehydrogenase, alanine aminotransferase in
rats’ blood serum. The scale of these changes cor-
relates with the antineoplastic activity of the investi-
gated substances. Doxorubicin, serving for a positive
control, exhibited the highest antineoplastic activity,
however, at the same time it had the most potent
hepatotoxic and generalized toxic effect in the ani-
mals. Changes in blood serum levels of total protein,
urea, creatinine, calcium ions, and iron ions under
the effect of the 4-thiazolidinone derivatives were
less profound than those of the enzymatic markers of
the hepatotoxicity. Combining of compounds 3882,
3288 and 3833 with the nanoscale polymeric PEG-
based carrier substantially reduced their hepatotoxi-
city in comparison with their effects when injected
alone.
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BIOXIMIYHI IOKA3HUKHA
TENMATOTOKCUYHOCTI ¥
CHUPOBATIII KPOBI II[YPIB

3A JIIi HOBUX NOXITHUX
4-TTA3OJIIJIUHOHIB I
JTOKCOPYBIIIUHY TA

IX KOMILJIEKCIB I3
MOJIETUJEHTJIIKOJBBMICHUM
MOJIMEPHUM HAHOPO3MIPHUM
HOCIEM

JI. I. Kobunincoka', /1. A. T'aspuniox!,
A. O. Pabyesa’, H. €. Mimina’,

O. C. 3aiuenxo’, P. b. Jlecux’,

bB. C. 3imenxoscokuit’, P. C. Cmouka’

UTpBiBCHK M HAIIOHATBHIH MEIUYHHUN YHIBEPCUTET
imeni Jlannna ['anunekoro, Ykpaina;
e-mail: lesya8@gmail.com;
’HarionanpHuit yHiBepcuTeT «JIbBIBChKA
MOJTIITEXHIKa», YKpaiHa;
STuctutyT Giomorii kinitnan HAH Vkpaiuu, JIbBiB

Meta poOOTHM — TOPIBHATH BIUIMB HOBHX
noxigHux 4-Tia3omiauHoHIB (crosyk 3882, 3288
i 3833) i mokcopyOinuHy (MMO3UTUBHUN KOHTPOJIb)
Ta 1X KOMIUIEKCIB 13 MOJIiE€THUIICHTIiKOJIbBMICHUM
HAaHOPO3MIPHUM HOCi€EM Ha OIOXiMI4HI TIOKa3-
HUKH TENaTOTOKCHYHOCTI Yy CHpOBaTLi KpOBi
mrypiB. Bu3Hauanu akTHBHICTh €H3WMIB, MapKepiB
TernaToTOKCHYHOI [il, a TaKOK KOHIIEHTpAIIo 3a-
raJlbHOr0 TIPOTEIHY, CEYOBMHH 1 KpEaTuHiHy Yy
CHUPOBATIli KpOBI IIypiB. BcTaHOBNIEHO, 10 TiCisSA
BBE/ICHHS TBapHMHAM JIOCTI/UKYBAaHHX  CHOJIYK
3poCTae aKTHUBHICTH allaHiHaMiHOTpaHchepasw,
myHOI (hochara3u Ta 0-aMisla3u MOPIBHSIHO 3 KOH-
TposieM. BBeneHHS AOKCOPYOIMHY TIiIBHUIITYBAJIO
aKTHBHICTH y-TiIyTaMminTpancgepasu y 4 pasu, a 3a
niicnonyku 3833 —y 2,5 paza. [TonimepHi KOMILIEKCH
criontyk 3882, 3288 1 3833 3a BBeeHHsI iX TBaprHAM
ICTOTHO 3HMKYBaJIM aKTHBHICTH JOCIIJKYBaHUX
CH3MMIB TIOPIBHSHO 13 BIUIMBOM IIMX CIIOJYK Oe3
nojiMepHoro Hocis. HaiiGinbme 3HMKyBajgach
AKTHUBHICTh O-aMisasu, y-TIyTaMinTpaHcdepasu i
JaKTaTAerigporeHasu. Takok BCTAHOBJIEHO MOBEp-
HEHHS 0 HOPMAaTUBHUX MOKa3HUKIB KOHLEHTPALii
3arajJbHOrO0 MPOTEiHY, CEUYOBHHU 1 KpEaTHUHIHY Y
CHPOBATLI KPOBI LIyPiB, IKUM BBOAMIIHU MOJIMEPHI
KOMIUIEKCH JOCII Ky BaHHX ITPETapaTis, HOPiBHSHO
3 IIMIMH TTOKa3HUKAaMH, K1 CIIOCTEPIrajiy 3a BBE/ICH-
Hs ITpenapaTtiB 0e3 MoJiMEPHOTO HOCIS.

rernaToTOKCHYHICTD,
HOJTIMEPHHH

KnwouoBi
4-T1a30J11 TUHOHH,

cinoBa:
JIOKCOPYOIIIHH,
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HAHOHOCI#, aKTHBHICTh €H3UMIB, CHPOBAaTKa KPOBIi
IIypiB.

BUOXUMHUYECKUE MOKA3ATEJIU
TEONATOTOKCUYHOCTH

B CbIBOPOTKE KPOBHU KPbIC
MO/ JEVCTBUEM HOBBIX
MPOU3BOJHbIX
4-TUA30JIMIUHOHOB

U JOKCOPYBUILIMHA

1 UX KOMILITEKCOB C
MOJUDTUIEHTJINKOIb-
COJIEP’KAILIUM NOJUMEPHBIM
HAHOPA3MEPHBIM HOCUTEJIEM

JI. U. Kobwinunckas!, /. A. Faspuniox!,
A. O. Pabyesa’, H. E .Mumund’,

O. C. 3auuenxo’, P. b. Jlecvix!,
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Henb paboThl — CpaBHUTH BIWSHHUE HOBBIX
MPOM3BONHBIX 4-THA30JIMIUHOHOB (COCAMHEHHI
3882, 3288 1 3833) u moxcopyOuIIHA (TO3UTUBHBII
KOHTPOJIb) U HMX KOMILIEKCOB C TIOJHMITUIICHTIIH-
KOJILCOZIEP)KAIIMM HAaHOPAa3MEPHBIM HOCHTENIEM Ha
OMOXMMHUYECKHE MOKAa3aTeNId TeNaTOTOKCHYHOCTH B
CBIBOPOTKE KPOBHU KpbIc. ONpeiensii akTHBHOCTh
9H3UMOB, MapKepOB T'elaTOTOKCHYHOTO JICHCTBHSI,
a TaKKe KOHLUEHTPALHUIO OOLIero MmpoTerHa, MO-
YEeBUHBI M KPEaTHHHWHA B CHIBOPOTKE KPOBH KPBIC.
YcTaHOBIEHO, YTO TIOCHIE BBEACHUS )KUBOTHBIM HC-
CIIelyeMBbIX COEAMHEHHH BO3pAacTaeT aKTHBHOCTH
aJaHuHAMUHOTpaHc(epasbl, MIeIouHo  (ocda-
Ta3bl M O-aMHJIa3bl 10 CPABHEHHUIO C KOHTPOJIEM.
BBenenne OoKCOpyOMIIMHA TOBBIIANO  AKTHB-
HOCTB y-TJIyTaMuITpaHcdepassl B 4 pas3a, a BBeze-
Hue coenunenus 3833 — B 2,5 pasa. IlonumepHbie
KOMIUTEKCHl coenuHeHuid 3882, 3288 u 3833 mpu
BBEJICHUU KPBICAM CYIIECTBEHHO CHMIKAJIM M aK-
TUBHOCTb MCCIIEAYEMBIX SH3UMOB 110 CPABHEHUIO C
BIUSIHUEM 3THUX COCAMHEHHUH Oe3 HocuTens. Mak-
CHMAJbHO CHMJKAJNach AaKTHBHOCTH O-aMHJIa3bl,
Y-TIIyTaMuITpaHcepasbl U TaKTaTACTHAPOTeHA3bI.
Takxe yCTaHOBJIIEHO BO3BpAIlleHHE K HOPMAaTHB-
HBIM TI0Ka3aTeJsIM KOHLIEHTPAI[UU 00IIEeTo MPOTEH-
Ha, MOYCBHHBI M KPEaTHMHUHA B CHIBOPOTKE KPOBU
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KpBIC, KOTOPBIM BBOJUJIM MTOJMMEPHbBIE KOMILIEKCHI
HCCIIEYEMBIX IIPENApPATOB MO0 CPABHEHUIO C STUMU
MOKa3aTeasIMHU IPH BBEJICHUU IpernapaToB 0e3 mo-
JINMEPHOI'O HOCUTEJISL.
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