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THE ANTIOXIDANT PROTECTION SYSTEM STATE OF RATS UNDER
EXPERIMENTAL DOXORUBICIN INTOXICATION AND THE EFFECTS
OF CORRECTING FACTORS

Introduction. The doxorubicin model was used for research, which, according to many authors, most adequately
reproduces heart failure of varying degrees of severity. Doxorubicin is an antibiotic that has a cytostatic effect. The
mechanism of its action consists of interaction with DNA, formation of free radicals, and inhibition of nucleic acid
synthesis. The doxorubicin action and the development of hypoxia are accompanied by the activation of oxidative
stress, the strengthening of free radical processes, and changes in the metabolism of carbohydrates, proteins, and
lipidss.

The aim of the study — the effect of the drug “Bendamine” on the indicators of antioxidant protection of the
body of rats under experimental simulation of heart failure.

Research Methods. Modeling of heart failure was performed on sexually mature male Wistar rats with a body
weight of 180-200 g. In blood and myocardial homogenate, the level of lipid peroxidation products, the activity of
antioxidant enzymes, and the level of reduced glutathione were determined against the background of doxorubicin
intoxication and when using the drug “Bendamine”.

Results and Discussion. During doxorubicin intoxication, LPO processes are enhanced in rats, which is
indicated by the increased lipid hydroperoxides, diene conjugates, and TBA-active products in the blood and the
homogenate of the rat myocardium of the first experimental group. It is worth noting that the inhibition of the antioxidant
defense system was also established in intoxicated rats, as indicated by the low level of both enzymatic and non-
enzymatic links of the antioxidant system. It was established that bendamine has a corrective effect on rats' oxidative
stress conditions inherent in doxorubicin-induced heart failure. The drug “Bendamine” inhibits the excessive formation
of POL products in pathologically changed tissues of the heart of rats and has an inducing effect on the system of

antioxidant protection.

Conclusions. The influence of the drug "Bendamine" on the indicators of antioxidant protection of the body of
rats under experimental simulation of heart failure was studied. Its antioxidant properties have been proven.

KEY WORDS: antioxidant system; doxorubicin; intoxication; free radical oxidation; phosphodiesterase-3

inhibitor; ethylmethylhydroxypyridine succinate.

INTRODUCTION. Redox reactions occupy an
important place in the system of metabolic trans-
formations, and their disturbances play a significant
and sometimes decisive role in developing patho-
logical processes [1]. Oxidation processes in the
liver are of particular importance, where the organ
performs its main functions with their participation,
in particular, detoxification of endo- and exotoxins
[2, 3].

According to many scientists, the primary
pathogenetic shifts in the formation of cardiovascular
system pathology are closely interrelated with the
overstrain of mechanisms for utilizing reactive
oxygen species and the degree of disturbances in
the POL-AQOS system. They are primarily determined
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by the state of the body's immune system [4-6].
Theirimbalance is the basis of metabolic disorders
in general, which predominantly affects the state of
cellmembranes. In addition, among the metabolism
indicators during the development of pathology, the
POL-AOQOS system is distinguished by early de-
viations [1, 7, 8]. They have a leading role in the
processes of adaptation of a healthy body to
extreme conditions and the development of
significantly severe disorders under pathology [9—
11]. In particular, it is considered proven that
changes in the course of LPO processes are one
of the pathogenetic mechanisms of the development
of cardiovascular pathology [12].

The pathogenesis of the development of heart
failure caused by the administration of doxorubicin
is diverse. Some authors suggest that damage to
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the myocardium occurs due to the formation of free
radicals and reactive oxygen species, leading to
damage to cell membranes, the development of
apoptosis, and necrosis of cardiomyocytes. The
cardiotoxic effect of doxorubicin is accompanied by
a gradual increase in the number of damaged
cardiomyocytes, a decrease in the contractility of
the myocardium of the left ventricle, and its eccentric
remodeling [13, 14].

Violating the system of antioxidant protection
of the body of dogs under the influence of toxic
substances and its correction when using various
combinations of pharmacological and natural
antioxidants is relevant and timely.

In veterinary medicine, one of the most pro-
mising drugs from the group of antioxidants are
derivatives of 3-oxy pyridine, particularly ethylme-
thylhydroxypyridine succinate —a direct antioxidant
[15]. The mechanism of action of this drug consists
of antioxidant and membrane-protective action. It
suppresses lipid peroxidation processes and
increases the activity of superoxide dismutase,
which neutralizes the starting radical of free radical
processes [16]. Under conditions of tissue ischemia,
this drug enhances the compensatory activation of
aerobic glycolysis, reduces the degree of inhibition
of oxidative processes in the Krebs cycle, and
promotes the activation of ATP synthesis. Under
the influence of ethylmethylhydroxypyridine suc-
cinate, a specific protein that accelerates apoptosis,
was found to decrease in cardiomyocytes. Trans-
membrane ion currents are also modulated: the
slow current through calcium channels is slowed
down, the blockade of fast sodium channels and
the rapidly activated potassium current component
of delayed rectification (JKR) is reversed [17, 18].

The methylhydroxypyridinexypyridine succinate
has a complex effect on the metabolism of the
myocardium of animals.

A combined approach for treating animals with
heart failure, based on using a phosphodiesterase-3
inhibitor and antioxidants, is relevant. Antioxidant
compounds can protect healthy cells and tissues
in dogs from developing unwanted side effects
caused by the development of heart failure. In
addition, it is known that the development of this
pathology is characterized by oxidative stress,
which determines the particular metabolic activity
of antioxidants.

The aim of the study is to investigate the effect
of the drug “Bendamine” on the indicators of
antioxidant protection of the body of rats under
experimental simulation of heart failure.

RESEARCH METHODS. The research was
conducted on sexually mature male Wistar rats with
a body weight of 180—200 g, which were kept on a

standard ration of the institute vivarium of the State
Research Control Institute of Veterinary Medicines
and Feed Additives. The rats were kept on a
balanced diet throughout the experiment containing
all the necessary components. In addition, the
animals received drinking water without restrictions
from 0.2-liter glass drinking bowls.

Experimental studies were carried out following
the requirements of a medicinal and biological
experiment for the selection of analogs, the
establishment of controls, compliance with the same
feeding and maintenance conditions during the
experiment, and the recording of results.

To create a model of doxorubicin-induced
cardiomyopathy, 24 male rats were selected.
Animals were divided into 3 groups of 6 animals
each: control group — intact animals; experimental
group E,, in which animals were modeled doxo-
rubicin-induced cardiomyopathy by intraperitoneal
administration of doxorubicin at a dose of 2.5 mg/
kg 3 times a week for two weeks; experimental
group E,, in which the animals, after the injection
of doxorubicin, were intragastrically injected with
the drug “Bendamine” at a dose of 20 mg/kg. The
drug "Bendamine" contains a phosphodiesterase-3
inhibitor and ethylmethylhydroxypyridine succinate.

The content of LPO products — lipid hydro-
peroxides, diene conjugates, and TBA-active
products, the activity of antioxidant enzymes —
superoxide dismutase, glutathione peroxidase, and
glutathione reductase, the level of reduced gluta-
thione, were determined according to the methods
[219].

All animal manipulations followed the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Scientific Purposes
(Strasbourg, 1986).

The research results were analyzed using the
Statistica 7.0 software package. Student's t-test
assessed the probability of differences. The results
were considered reliable at P < 0.05.

RESULTS AND DISCUSSION. Based on the
conducted studies, it was established that the
processes of peroxide oxidation of lipids and the
formation of reactive oxygen species grow in
animals under chronic experimental intoxication
with doxorubicin. Thus, in the blood of rats of the
first experimental group, an increase in lipid
hydroperoxides by 47.4 % compared to the control
was established. Furthermore, the level of diene
conjugates and TBA-active products in the blood
of this experimental group of rats was also high. In
contrast, compared to the control group, it was
higher by 21.4 and 24.9 %, respectively (Fig. 1).

Similar changes are observed when determining
the intensity of lipid peroxidation in the homogenate
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Fig. 1. Indicators of the intensity of lipid peroxidation in the
blood of rats under experimental simulation of heart failure and
the action of corrective factors: a) hydroperoxides of lipids,
units/ml; b) diene conjugates, mmol/l; c) TBA act. products,
mmol/l.

of the myocardium of rats under experimental
simulation of heart failure (Fig. 2). The obtained
data indicate that the intensification of free radical
oxidation processes inthe myocardium accompanies
the administration of doxorubicin to the experimental
animals of the research group. It was established
that the level of diene conjugates in the homogenate
of the rat myocardium of the first experimental group

was (8.56+0.39) umol/g, while in control, this
indicator was (6.45+0.13) pmol/g. The level of TBA-
active products in the myocardium homogenate of
the first experimental group increased by 37.6 %
compared to the indicators of the control group of
rats.

Consequently, animals with simulated cardio-
myopathy developed excessive activation of lipid
peroxidation, as indicated by a high level of primary,
intermediate, and end products. These results are
consistent with literature data on the activation of
free radical reactions and LPO processes in the
blood of animals under the influence of doxorubicin.

An increase in the content of LPO products:
lipid hydroperoxides, diene conjugates, and TBA-
active products in the blood of rats with experimental
doxorubicin intoxication indicates the development
of oxidative stress.

Oxidative damage to proteins leads to a
disturbance in the metabolism of cardiomyocytes.
Thus, under the conditions of intensifying free
radical oxidation, free radicals suppress the
enzymatic link of the antioxidant system, thereby
increasing oxidative stress in the myocardium. The
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Fig. 2. Indicators of the intensity of lipid peroxidation in rat
myocardium homogenate under experimental simulation of
heart failure and the action of corrective factors: a) diene
conjugates, mmol/l; b) TBA act. products, mmol/l.
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negative effect of oxidatively modified proteins in
the cell is related to oxidized proteins acting as a
source of free radicals that deplete the reserves of
cellular antioxidants.

When the rats of research group E, were given
Bendamine, the level of lipid hydroperoxides in their
blood decreased by 33.5 % compared to the first
group of rats, which were experimentally induced
cardiomyopathy by administering doxorubicin. The
level of diene conjugates and TBA-active products
in the blood of the second experimental group
fluctuated within physiological values, so compared
to the first experimental group of rats, their level
decreased by 26.5 and 21.0 %, respectively.

In the homogenate of the rat myocardium of the
second experimental group, a decrease in lipid
peroxidation products was also established compa-
red to the first experimental group, where the level
of diene conjugates decreased by 16.8 % respective-
ly. The level of final products of POL in the homogena-
te of the myocardium of rats of the second experi-
mental group was (33.57+2.47) mmol/g, while in the
firstexperimental group, itwas (42.36+2.11) mmol/g.
The lowest level of TBA-active products was in rats
ofthe controlgroup, whereitwas (30.79+4.500 mmol/g
respectively.

These research results indicate the antioxidant
properties of the drug "Bendamine", which contri-
buted to the inhibition of LPO processes and the
reduction of its products in the blood of experimental
rats.

Therefore, the drug “Bendamine” inhibits the
excessive formation of LPO products in pathologically
changed heart tissues of rats, has an inducing effect
on the antioxidant defense system and thus protects
the structural and functional integrity of cell bio-
membranes.

Administration of doxorubicin to the rats of the
experimental groups was accompanied by stress
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on the antioxidant defense system, which was
indicated by a decrease in both enzymatic and
non-enzymatic links of the antioxidant system. In
the blood of the rats of the first experimental group,
a decrease in superoxide dismutase activity was
established by 30.3 %, and in the homogenate of
the myocardium — 61.4 % compared to the control
indicators.

An essential link of the antioxidant defense
system is the glutathione system. It comprises
reduced glutathione and several enzymes, namely
glutathione oxidase and glutathione reductase. The
coordinated action of all its components (reduced
glutathione, glutathione peroxidase, glutathione
reductase) contributes to establishing the optimal
content of peroxide compounds and preserving
antioxidant homeostasis.

Regarding the study of the glutathione system
of antioxidant protection of the body of rats, a
decrease in the level of reduced glutathione in the
blood of the first experimental group was established
by 16.3 %, glutathione peroxidase activity by
17.4 %, and glutathione reductase activity by
24.3 % compared to the indicators of the control
group (Fig. 3). When studying these indicators of
the glutathione system in the myocardium ho-
mogenate, it was established that the level of
reduced glutathione decreased by 45.3 %, and the
activity of glutathione peroxidase and glutathione
reductase decreased by 26.1 and 33.3 %, respec-
tively (Fig. 4).

Good antioxidant properties were demonstrated
by the drug “Bendamine”, which, when administered
to rats of the second research group under the
conditions of doxorubicin intoxication, increased the
activity of glutathione peroxidase in their blood to
(28.12+1.42) nmol of glutathione/min per 1 mg of
protein and the activity of glutathione reductase to
(9.59+0.77) nmol of NADRN/min per 1 mg of protein.
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Fig. 3. Indicators of the system of antioxidant protection of the body of rats under experimental modeling of heart failure
and the action of corrective factors: a) Superoxide dismutase, um. units/1 mg. protein; b) Glutathione peroxidase, nmol of

glutathione/min per 1 mg of protein.
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Fig. 3. Indicators of the system of antioxidant protection of the body of rats under experimental modeling of heart failure
and the action of corrective factors (continuation): c) Glutathione reductase, nmol of NADPH/min per 1 mg of protein; d) Reduced

glutathione, pmol/ml.
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Fig. 4. Indicators of the antioxidant protection system in rat myocardium homogenate under experimental simulation of heart
failure and the action of corrective factors: a) Superoxide dismutase, c.u./(mg-min); b) Reduced glutathione, pmol/g; c) Glutathione
peroxidase, nmol/minxmg of protein; d) Glutathione reductase, pmol/minxmg protein.

When studying the activity of glutathione
peroxidase in the myocardium of rats of the
experimental groups, it was established that it was
the highest in the second experimental group of
rats that were given the drug “Bendamine”.
Accordingly, the activity of this enzyme was higher

by 26.6 % concerning intoxicated rats that were not
treated. Furthermore, glutathione reductase activity
was also higher in the second experimental group,
which was (0.51+0.10) pymol/minxmg protein. In
contrast, this indicator was (0.38+0.12) pmol/minxmg
protein in the first experimental group.
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Glutathione is a central component of the
antioxidant defense system of almost all cells and
organs. Its antioxidant action is associated with the
transfer of sulfhydryl groups. It was found that when
the drug “Bendamine” was administered to rats, the
level of reduced glutathione in the blood of the
animals of the second experimental group probably
increased by 22.2 % compared to the first experi-
mental group. In the homogenate of the rat myo-
cardium of this research group, the level of the
studied indicator was also higher, respectively, by
34.5 %.

An increase in the activity of superoxide
dismutase in blood and myocardial homogenate of
rats of experimental group E, was established by
46.3 and 122 % compared to rats subjected to
experimental intoxication with doxorubicin.

Therefore, based on the conducted studies of
the influence of the drug "Bendamine" on the
indicators of the antioxidant system of the myo-
cardium of experimental rats under the conditions
of doxorubicin intoxication, it was established that
this drug has a corrective effect in the conditions of
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B. B. l'ytnitt, I. C. Bapxonsk*, 6. M. BepBera?, T. B. MapTuwyk?*, X. fl. llecbkiB*

JIbBIBChKWI HALIIOHA/TbHUV YHIBEPCUTET BETEPVHAPHOI MEAVLIVIHW TA BIOTEXHO/IOIMA
IMEHI C. 3. [XKWILIbKOIro*

JIbBIBChKW HALIIOHA/TbHN MEANYHWA YHIBEPCUTET IMEHI AAHW/IA TAJILIbKOrO?

CTAH CUCTEMUA AHTUOKCUJAHTHOI'O 3AXACTY OPI'AHI3MY IIIYPIB
3A YMOB EKCITEPUMEHTAJIBHOI JIOKCOPYBIIIUHOBOI IHTOKCUKAIIIT
TA JIi KOPUT'YBAJTbHUX UUHHUKIB

Pestome

Bcmyn. [151s1 docnioxeHb BUKopucmosysasiu 00KCopybiyuHoBy MOOesib, sika, Ha OyMKy 6azambox asmopis,
HalibisibWw adeksamHo BiOMBOPIOE cepyesy HEA0CMamHiCcMb Pi3HO20 CMyneHs1 mshkkocmi. [Jokcopy6iyuH — aHmu-
6iomuk, wo mae yumocmamuyHul echekm. MexaHiam Uoeo Oii nosseae y 83aemooil 3 [JHK, ymBopeHHi Bi/lbHUX
paodukaiig i NpuUsHiYeHHi CUHMe3y Hyk/1eiHoBUX Kucsiom. [isi dokcopybiyuHy ma po3BUMOK 2irOKCIl CyrnpoBoodXy-
IOMbCS1 aKmuBsayiero OKcudamusHO20 cmpecy | MOCUMIEHHSIM Bi/TbHOPAOUKa/IbHUX MPOYECIB, & MakKoX 3MIiHOH 06-
MiHy By2/1e800i8, 6i/IKis8 ma /irniois.

Mema 0ocnidxeHHs1 — sug4UMU Br1/1Ug ripernapamy “beHoamiH” Ha NMokasHUKU aHMUOKcUOaHMHo20 3axucmy
op2aHi3My Wypis 3a yMOB eKcriepuMeHmasibHo20 MOOE/IH0BaHHS cepyesol HedocmamHyocmi.

Memodu docnidxxeHHs. ModestosaHHsI cepyesoi HedocmamHocmi nposodusiu Ha 6iiux cmamesos3pisux
MOsI00UX Wypax-camysix /iHii Bicmap macoro 180-200 2. Y Kposi ma 20Mo2eHami Miokapoa BU3Ha4a/1u piseHb
MPOAyKMIB MepOKCUOHO20 OKUCHEHHS /inidiB, akmUuBHICMb aHMUOKCUOaHMHUX eH3UMIB ma piBeHb BIOHOB/IEHO20
2/1ymamioHy Ha mJ1i OOKcopy6iyuHOBOT iIHMOKCuKayiil | Mpu BUKOpucmaHi npenapamy “6eHoamiH”.

Pe3ynbmamu Ui 062080peHHs1. 3a yMo8 0OKCOpy6iyUHOBOI iIHMOKCcUKayil y wypis nocusosanucst npoyecu
MEPOKCUOHO20 OKUCHEHHS /1inidiB, Ha W0 BKa3yBsasio 36i/IbLEHHSI BMICMY 2idpornepekucis /inidig, 0iEHOBUX KOH't0-
2amig i TBK-akmusHUX MPOOYyKMIB 5K y KpOBi, mak i 8 20Mo2eHami Miokapoa maapuH nepuioi 00C/1iOHOI 2pyriu.
Bapmo 3a3Hadumu, wWo 8 iIHMOKCUKOBaHUX WYpIiB makox criocmepieasiu npu2HiHeHHs cucmemMu aHmuokcuoaHm-
HO20 3axucmy, rpo Wo CBIOYU/IO 3HUXEHHS PIBHS SIK €H3UMHOI, mak | HeeH3UMHOT /1aHOK aHmMUOKcUdaHMHoI cuc-
memu. BcmaHos/ieHo, wjo npenapam “beHoamiH” posie/isis KopuaysasibHy 0it0 3a yMOB OKcuGamusHO20 Cmpecy,
rpumamaHHo20 00KcopybiyUHIHOYKoBaHIl cepyesili HedocmamHocmi y Wypis. BiH 2a/ibMyBas HaoMipHe ymBOpeH-
HS1 IPOAYKMIB NMepoKCUOHO20 OKUCHEHHS /1iMidi8 y namao/io2i4HO 3MIHEHUX MKaHUHax cepysi msapuH, Mas iHOyKy-
roqud Br/IUB Ha cucmeMy aHMUOKCUOAHMHO20 3axucmy.

BucHosku. Bus4yeHo sr/ius rpenapamy “beHoaMiH” Ha MoKasHUKU aHmMUOKCUOaHMHO20 3axucmy opaaHiamy
wypis 3a yMoB eKkcriepuMeHmasibHo20 MOO€e/IH0BaHHS cepyesoi HedocmamHocmi. [JosedeHo lioeo aHmuokcudaHm-
Hi Bnacmusocmi.

K/TKOYOBI C/TIOBA: aHTUOKCUBAHTHA CUCTEMA; AOKCOPYOGILVH; iIHTOKCUKaLif; BilbHOpPaAguKa/lbHe OKUC-
HEHHS; iHriGiTop chochogiecTepasu-3; eTUNIMETUNTIAPOKCUNIPUAMHY CYKLMHAT.
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