KNIHIYHA TA EKCMEPUMEHTA/IbHA MEAULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

DOI 10.29254/2077-4214-2023-1-168-207-211
UDC 613.29:612.176
12pshychenko V. V., ‘Cherno V. S., ‘Chebotar L. D., ?Yulevich O. I., 2Petrova O. |.

PROOXIDANT-ANTIOXIDANT STATUS OF THE HEART OF RATS UNDER THE ACTION

OF MONOSODIUM GLUTAMAT AND CORRECTION WITH MELATONIN
Petro Mohyla Black Sea National University (Mykolaiv, Ukraine)
2Mykolayiv National Agrarian University (Mykolaiv, Ukraine)
pshychenko85@gmail.com

Monosodium glutamate is the most common food additive used as a taste and aroma enhancer of other product
components and as a salt substitute. Consuming food products containing monosodium glutamate on a permanent
basis leads to exceeding the maximum permissible consumption norms and the occurrence of metabolic changes, in
particular, oxidative stress in the heart. Drugs with antioxidant properties are used to correct disorders that arise as
a result of oxidative stress. One of the antioxidants that has a cardioprotective effect is melatonin. The purpose of the
study was to determine the changes in the pro-oxidant-antioxidant system of the heart of rats under the influence of
monosodium glutamate and the correction of pathological changes with melatonin.

The experimental animals were divided into three groups: a control group and two experimental groups. The ani-
mals of the first (control) group were kept under normal vivarium conditions without the influence of additional fac-
tors. The animals of the second group per os received a 3% aqueous solution of monosodium glutamate at the rate
of 20 mg/kg. Rats of the third group received a 3% aqueous solution of glutamate (20 mg/kg), and for the purpose
of correction, melatonin was administered intraperitoneally to the animals at a dose of 1.0 mg/kg of body weight
once a day. Metabolic changes in the heart muscle of rats were studied on the 7th, 14th, 21st, 28th day of the studly.

It was established that the daily consumption of monosodium glutamate at a dose of 20 mg/kg of body weight
led to the activation of lipid peroxidation processes throughout the study period, an increase in total antioxidant
activity on the 7th and 14th days of the study, and its subsequent gradual decrease on the 21st and 28th days of
the experiment. The introduction of exogenous melatonin contributed to a decrease in the intensity of peroxidation
of lipids and activation of the enzymatic link of the antioxidant system, which is accompanied by an increase in the
activity of superoxide dismutase and catalase and a decrease in the level of primary and secondary products of per-
oxidation. Therefore, melatonin is a potentially useful drug for reducing the manifestations of oxidative stress in the

myocardium.
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try of Education and Culture of Ukraine «The influence of
ecologically dangerous factors on the mechanisms of de-
velopment of diseases of civilization and their correction
with physiologically active substances», state registration
number 0122U002033.

Introduction.

Modern society is characterized by a significant accel-
eration of the pace of life and its global changes, which
are accompanied by a violation, first of all, of the nutri-
tional regime, a change in the quality of the diet, as a
result of giving preference not a rational and balanced
diet, but to fast food, which has led to the consumption
by people of an uncontrolled amount of food additives.
Monosodium glutamate is the most common food addi-
tive in the whole world, used as a taste and aroma en-
hancer of other components of the product, and as a
substitute for salt (E621) [1, 2]. Consuming food products
containing monosodium glutamate on a permanent basis
leads to the entry into the body of its increased amount,
exceeding the maximum permitted consumption norms,
which causes morphological and functional changes in al-
most all organs and systems and the occurrence of meta-
bolic and toxic effects, in particular oxidative stress [3].
It is known that monosodium glutamate consumption

has a negative effect on the morpho-functional state of
the heart, which consists in heart rhythm disturbances,
the occurrence of heart attacks and the development of
oxidative stress. The negative consequences of oxidative
stress are the strengthening of the processes of free radi-
cal peroxidation of lipids and the destabilization of anti-
oxidant protection, which is one of the factors in the oc-
currence of heart pathologies at the cellular level and the
development of diseases of the cardiovascular system of
various etiologies [4].

Despite the comprehensive study of the effect of food
additives on the body, the issue of pharmacological cor-
rection of pathological changes induced by the influence
of food additives remains the most relevant [5]. Drugs
with antioxidant properties are used to correct disorders
that arise as a result of oxidative stress [6]. One of the an-
tioxidants that has a cardioprotective effect is melatonin
[4]. At the same time, the study of pathological changes
in the pro-oxidant-antioxidant system of the heart under
the influence of monosodium glutamate and their correc-
tion by melatonin is insufficient, which prompted us to
conduct our own research.

The aim of the study.

To determine the changes in the pro-oxidant-antiox-
idant system of the heart of rats under the influence of
monosodium glutamate and the correction of pathologi-
cal changes with melatonin.

Object and methods of research.

The research was conducted on 54 sexually mature
white male Wistar rats weighing 200-240 g. The choice of
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Table — Indicators of the prooxidant-antioxidant status in the
heart muscle of rats under the conditions of exposure to monoso-
dium glutamate and correction by melatonin (Mtm)

of free radical peroxidation, as well as the
activity of antioxidant enzymes (superoxide
dismutase, catalase) in the homogenate of

the heart [9].

| .
_ ndex All stages of the research were carried
Group cor?'legaetes (mnhfcaDI/;kg) (;'8/%) (?na;:tl?lig) in accordance with the general principles
ju . . . . _
(mmol/kg) n=6 n=6 ne6 =6 of work with experimental animals in ac

group of animals

Indicators of the pro-oxidant-antioxidant status of the control

cordance with the following standards: Con-
vention on Bioethics of the Council of Eu-

Intact | 5,62+0,71 53,30+3,29 | 73,47+1,61 |

289+012 | rope (1997); European Convention for the

of exposure to monosodium glutamate

Indicators of prooxidant-antioxidant status under conditions

Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes,

7 days 7,31 +0,28* 69,87+6,11* | 87,25+194* | 6,95+0,18* | General Ethical Principles of Animal Experi-
14 days 8,75:0,42* | 76,23t6,48* | 95,53:2,03* | 8,35:0,07* | Ments, approved by the First National Con-
21 days 7,19:0,65 | 71,34¢5,81* | 71,13£1,54 | 4,02¢0,06* | 8ress of Ukraine on Bioethics (2001); Law
of Ukraine «On Protection of Animals from

28d 6,05t0,44 | 64,386,227 | 59,42+1,75* | 3,84+0,05* . .
avs Cruelty» (2006) and other international

Indicators of prooxidant-antioxidant status under the conditions
of sodium glutamate exposure and melatonin correction

agreements and current national legisla-
tion in the field of medical and biological re-

7 days 7,03+0,56 65,70+5,38 99,18+1,45% 7,01+0,13 search.

14 days 6,84+0,37" 61,45+6,01 104,22+1,51% 8,96+0,09 Processing of the obtained research re-
21 days 6,25+0,48 58,16+5,67 110,41+1,60" 9,65 +0,11* sults was carried out using the methods of
28 days 5,79%0,59 55,27+6,23 | 114,95+1,82* | 10,58 +0,09" | variational statistics, namely the Student’s t-

Notes: *significantly with the control (p<0.05), #significantly with the group of animals|
exposed to monosodium glutamate for the corresponding period (p<0.05)

test. The difference was considered reliable
when the difference in numerical param-

males for the study is due to the absence of fluctuations
in the level of melatonin in the blood plasma compared
to females, in which the concentration of melatonin and
the morphofunctional state of the pineal gland depend
on the phase of the sexual cycle. The animals were kept in
standard vivarium conditions under natural lighting and
had free access to food and drinking water. The experi-
ments were conducted in the spring period.

The experimental animals were divided into three
groups: a control group and two experimental groups.
The control group included 6 animals, and each of the ex-
perimental groups included 24 animals. For the purpose
of comparative analysis of biochemical indicators, rats of
two experimental groups were removed from the experi-
ment at different times of the study, namely on 7, 14, 21,
28 days. At each stage of the study, 6 rats were selected
from each group, which is the minimum acceptable stan-
dard for the number of animals required for statistical re-
search. The animals of the first (control) group were kept
under normal vivarium conditions without the influence
of additional factors. The animals of the second group
per os received a 3% aqueous solution of monosodium
glutamate at the rate of 20 mg/kg. The dose of monoso-
dium glutamate was were twice lower the allowable nor-
mal rate in food products and according to the literature,
does not show a negative impact on health [7, 8]. The
rats of the third group received a 3% aqueous solution of
glutamate (20 mg/kg) and, for the purpose of correction,
the animals were injected intraperitoneally with melato-
nin (Vita-Melatonin JSC «Kyiv Vitamin Plant», Ukraine) at
a dose of 1.0 mg/kg of body weight in 1.0 ml of solvent
once a day at 19.00 [4].

Animals were decapitated under thiopentane anes-
thesia (25 mg/kg, intraperitoneally). For research, the
heart was removed from the animals. A 10% homog-
enate was prepared from the exsanguinated heart in an
isotonic solution. Metabolic processes in the myocardium
were analyzed by the concentration of primary (conjugat-
ed dienes) and secondary (malondialdehyde) products

eters between the studied groups was at
least p<0.05. Statistical calculations were performed on
a personal computer using the standard software «STA-
TISTICA 6» for computer equipment with the Windows
operating system.

Research results and their discussion.

As a result of the study of the biochemical parameters
of the pro-oxidant-antioxidant system of the heart of rats
exposed to monosodium glutamate, a probable increase
in the content of primary peroxidation products (conju-
gated dienes) was established on the 7th and 14th day
of the experiment compared to similar indicators in the
group of control animals (table). It was established that
on the 7th day of monosodium glutamate use, the con-
tent of diene conjugates in the homogenate increased
by 30.07% (p<0.05) and reached its maximum value on
the 14th day, increasing by 55.69% (p<0.05) relative to
the control which indicates the activation of lipid peroxi-
dation. Starting from the 21st day, the content of diene
conjugates gradually decreases and by the 28th day ap-
proaches the control indicators, which can be considered
as manifestations of adaptation to relatively long-term
use of monosodium glutamate.

Similar changes are observed when studying changes
in the level of malondialdehyde. It was established that in
the group of animals exposed to monosodium glutamate,
the concentration of malondialdehyde on the 7th day of
the study increased by 31.09% (p<0.05) compared to the
normal value, which may indicate damage to cardiomyo-
cytes by free radicals. It should be noted that the maxi-
mum concentration of malondialdehyde was detected
on the 14th day of the study and exceeded the value of
the control group by 43.02%. On the 21st day, the studied
indicator decreased, but significantly exceeded the con-
trol value. On the 28th day of the experiment, the level
of MDA decreased, but the indicator was higher than the
intact group by 20.79%.

Thus, the introduction of monosodium glutamate
into the body leads to the accumulation of primary and
secondary products of lipid peroxidation in the heart
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homogenate, which indicates the development of oxida-
tive stress. The most important link of protection against
stress is the antioxidant system, which is a set of protec-
tive mechanisms aimed at preserving and maintaining
the body’s homeostasis. Catalase and superoxide dis-
mutase are the main markers of the enzymatic antioxi-
dant system that slow down the processes of formation
of free radicals and inactivate excess content of reactive
oxygen species.

According to the results of our research, in animals in-
jected with monosodium glutamate, a probable increase
in catalase activity was observed by 42.13% (p<0.05) and
70.76% (p<0.05), respectively, on the 7th and 14th day of
the study, which may indicate a compensatory increase in
the activity of the studied enzyme due to the intensifica-
tion of lipoperoxidation processes. Starting from the 21st
day of the study, catalase activity decreased sharply. The
results of our biochemical studies showed that on the
21st day of the experiment, the concentration of catalase
decreased by 17.79% (p<0.05), and on the 28th day it de-
creased by 21.47% (p<0.05) relative to the indicators of
the control group of rats.

The dynamics of changes in the activity of superoxide
dismutase when monosodium glutamate was adminis-
tered was characterized by a similar increase in concen-
tration levels on the 7th and 14th day of the study by
18.76% (p<0.05) and 30.03% (p<0.05) compared to the
control. On the 21st and 28th day of the experiment, a
decrease in the level of superoxide dismutase was found
relative to the control. Thus, the activity of the studied
enzyme on day 21 decreased by 3.18% compared to the
control group of animals. The maximum decrease in su-
peroxide dismutase activity relative to the intact group
was found on the 28th day of the experiment by 19.12%
(p<0.05).

Since both enzymes play a key role in protecting cells
from damage induced by the development of oxidative
stress, a decrease in their activity indicates the depletion
of key components of the enzymatic part of the antioxi-
dant system on the 28th day of the study. Thus, the re-
sults of our research indicate an imbalance in the balance
between the processes of lipid peroxidation and the an-
tioxidant defense system, which leads to a change in the
structural and functional properties of cardiomyocytes
membranes, which is an unfavorable condition for the
functioning of the cardiovascular system [10]. Changes
of a similar nature are indicated by the results of studies
by other researchers who studied the influence of mono-
sodium glutamate on the state of the prooxidant-antioxi-
dant system of other tissues and organs [11, 12]

Biochemical analysis of the heart homogenate of a
group of experimental animals that were under the influ-
ence of monosodium glutamate and corrective therapy
with the drug «Vita-melatonin» showed a decrease in
the intensity of lipid peroxidation processes, which is
confirmed by a gradual decrease in the content of diene
conjugates and malondialdehyde compared to a group of
animals that were not effect of the corrector. It was estab-
lished that the level of diene conjugates decreases at all
stages of the study and is maximally close to control val-
ues on day 28, exceeding the control indicator by 3.02%.

Correction with melatonin contributed to a gradual
decrease in the level of malondialdehyde concentra-
tion throughout the experiment. On the 28th day of
the experiment, the level of malondialdehyde practi-

cally reached physiological values and fluctuated within
the range of 55.27+6.23 mmol/kg, while in the first ex-
perimental group it was 64.38%6.27 mmol/kg. Along
with the reduction of primary and secondary products of
peroxidation, a gradual increase in the enzymatic activ-
ity of the antioxidant system was established. The use of
melatonin increased the activity of superoxide dismutase
throughout the experiment. Thus, on the 7th day of the
experiment, the activity of the enzyme in the heart ho-
mogenate increased by 13.67% (p<0.05) compared to the
group of animals that did not receive correction. On the
14th and 21st days of the experiment, the activity of su-
peroxide dismutase continued to increase relative to the
first experimental group by 9.10% (p<0.05) and 55.22%
(p<0.05), respectively. The highest activity of the studied
enzyme was found on the 28th day of the experiment,
where it increased by 93.45% (p<0.05) compared to the
group of rats that were not exposed to melatonin.

The introduction of melatonin contributed to the in-
crease in the activity of catalase. However, it should be
noted that the lowest activity of catalase was on the 7th
day of the experiment, where, accordingly, it fluctuated
within the range of 7.01£0.13 pkat/kg, which exceeded
the indicator of the first experimental group by only
0.86%. On the 14th and 21st days of the experiment, a
sharp increase in catalase activity by 7.31% and 140.04%
(p<0.05) was recorded relative to rats that were exposed
to monosodium glutamate and in which the studied indi-
cator decreased. On the 28th day of the study, the con-
centration of catalase in the heart homogenate reached
maximum values and was 10.58+0.09 pkat/kg.

The results of our research show that under the influ-
ence of melatonin, the processes of lipid peroxidation are
inhibited with the simultaneous activation of the enzyme
link of the antioxidant system of the rat heart. Other re-
searchers also point to the normalizing effect of melato-
nin on the antioxidant system of other organs under the
influence of adverse factors [4, 9, 12, 13].

Conclusions.

The influence of monosodium glutamate is accom-
panied by the intensification of lipid peroxidation pro-
cesses throughout the study period, an increase in total
antioxidant activity on the 7th and 14th days of the study
compared to the control, and a gradual decrease in anti-
oxidant activity on the 21st and 28th days of the experi-
ment. The identified biochemical changes are manifested
by a significant increase in the content of diene conju-
gates and malondialdehyde in the heart homogenate
and a gradual decrease in the activity of catalase and
superoxide dismutase, which indicates the exhaustion of
the enzymatic link of the antioxidant system. Exogenous
melatonin helps to reduce the intensity of peroxidation
of lipids and activation of the antioxidant system, which is
accompanied by an increase in the activity of superoxide
dismutase and catalase and a decrease in the level of pri-
mary and secondary products of peroxidation. Melatonin
has a normalizing effect on the antioxidant system and is
a potentially useful tool for reducing the manifestations
of oxidative stress in the myocardium.

Prospects for further research.

In the future, it is planned to investigate the state of
the pro-oxidant-antioxidant system of the lungs of rats
under the conditions of exposure to monosodium gluta-
mate.
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NMPOOKCUAAHTHO-AHTUOKCUAAHTHUI CTATYC CEPASA LWYPIB MPU Al [MYTAMATY HATPIIO TA KOPEKU,IT
ME/IATOHIHOM

MwwuueHko B. B., YepHo B. C., Ye6oTap /1. A., IOnesuu O. I., MeTtposa O. I.

Pestome. MopylweHHA pexnumy Ta 3MiHa AKOCTI paLioHy XapyyBaHHA, 0OyMOBEHI NMPULIBUALIEHHAM TEMNIB
YKUTTA Ta HAZAHHAM MepeBarn He pauioHasbHOMY i 36a1aHCOBAHOMY PaLLiOHY, @ NPOAYKTaM LUBUAKOIO MPUroTy-
BaHHSA, MPU3BEAUN A0 CMOXKMBAHHA HEKOHTPOIbOBAHOI KiZIbKOCTi Xap4oBMX A06aBOK. MOCTiliHE BXXMBAHHSA NPOAYKTIB,
O MICTATb FYyTamaT HATPIlO, CYNPOBOAKYETHCA NEPEBULLEHHAM MOTO rPAaHNUYHO AOMYCTUMMX HOPM CMOMMBAHHSA
Ta BUHUKHEHHAM MeTabosliuHMX 3MiH, 30Kpema OKUCHOro CTpecy B cepli. s KopeKLii nopyleHb, AKi BUHUKAOTb
BHACNiAOK OKUCHIOBA/NIbHOIO CTPeCy BMKOPUCTOBYIOTb Mpenapaty 3 aHTUMOKCUAAHTHUMK BRacTusoctamu. OgHum
3 aHTUMOKCUAAHTIB, AKMN MAE KapAionpoTEKTOPHY Aito, € MeNaToHiH. MeToto po6oTK 6y/0 BU3HAYUTU 3MiHW MpO-
OKCUMOAHTHO-aHTUOKCUAAHTHOI CMCTEMM CEepUA LLYPIB Nig BNAMBOM [/lyTamMaTy HATPitO Ta KOPEKLi0 NaTONOrYHMX
3pyLleHb MeNaToOHIHOM.

MNigaocnigHUX TBAPWH PO3NOAIMAM Ha TPWU TPYNU: KOHTPONbHY i ABi AocANiAHi. TBapuHM | (KOHTPOIbHOI) rpynu
nepebyBanu 3a 3BU4ANHUX YMOB BiBapito 6e3 BNanBy AoAaTKoBuX dakTopiB. TBApuUHK Il rpynn per os oTpMmyBanu
3% BOAHWIA PO3YUH FyTamaTy HaTpilo 3 po3paxyHKy 20 mr/kr. Lypw Il rpynu otpumysanv 3% BOAHWMIA PO3UYUNH
rnytamarty (20 mr/Kr) Ta 3 MeTo KopeKL|ii TBapMHam BBOAUAN BHYTPIlLIHbOOYEPEBUHHO MeNaToHIH B A03i 1,0 mr/Kr
Macu Tina 1 pas Ha fob6y. MeTaboniuHi 3miHK y cepueBomy m’A3i WypiB BUBYaAW Ha 7, 14, 21, 28 noby aocniaKeHHsA.

OTpuvmaHi AaHi cBiaYaTh Npo Te, WO LOAEHHE CNOXKMBaHHA ryTamaTy HaTpito B 403i 20 mr/Kr macu Tina npu-
3BOAMTb A0 aKTMBaALLii NpoLLeCiB NEPEKNUCHOTO OKMCHEHHA NiNigis, WO NOYMHAETLCA BXKe HA PaHHIX TepMiHAxX ekcne-
PUMEHTY | TPUBAE A0 MOTO 3aKiHYEHHS i CBIAYMTb MPO PO3BUTOK OKMCIHOBAIbHOIO CTpecy. BuasneHo i nigsuweHHn
3arasibHOi aHTMOKCUAAHTHOI aKTUBHOCTI Ha 7-My Ta 14-Ty Aobu AocAigXKeHHs, 3 NoAanblumMm ii MOCTYNOBUM 3HU-
KEeHHAM Ha 21 i 28 noby gocnify, Wo BKa3ye HA BUCHAXKEHHA KAOYOBUX KOMMOHEHTIB GepMeHTaTUBHOI CKNaa0Bol
AHTUOKCUIAAHTHOT cMCTEMU. TaKUM YUUHOM, pe3y/ibTaTh HaLLMX AOCAIAXKEHb CBiAYaTh NPo AncbanaHc y piBHOBA3i Mix
npouecamu NepekMCcHOro OKUCHEHHSA NiNifiB i CUCTEMOK aHTMOKCUAAHTHOTO 3aXMUCTY, WO MPU3BOANUTb A0 3MiHU
CTPYKTYPHO-YHKLIOHaNbHUX BNACTUBOCTEN MeMbpaH KapAioMiouuTis, WO € HECNPUATIMBOK YMOBOK A1A QYyHK-
LiOHYBaHHA cepLeBO-CYANHHOI cucTeMun. BBefeHHA eK30reHHOro MenaToHiHY CAPUAIO 3MEHLUEHHIO iIHTEHCMBHOCTI
NEePUKUCHOIO OKMCHEHHA NiNniAjis Ta akTUBaLLii ¢epMeHTaTUBHOI TAHKU aHTUOKCUAAHTHOT CUCTEMM L0 CYMPOBOANKY-
€TbCA NiABULLEHHAM aKTUBHOCTI CYMEePOKCUAAMCMYTA3M i KaTasa3m Ta 3MEHLUEHHAM PiBHA NEPBUHHUX | BTOPUHHUX
NPOAYKTIB NEPEKNCHOTO OKUCHEHHA. TOX, MeNaTOHIH € NOTEHLIMHO KOPUCHMM 3ac060M AN1A 3MEHLLIEHHA MPOsBIB
OKWUCNHOBAJIbHOIO CTPEeCy y MiOKapAi.
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PROOXIDANT-ANTIOXIDANT STATUS OF THE HEART OF RATS UNDER THE ACTION OF MONOSODIUM GLUTAMAT
AND CORRECTION WITH MELATONIN

Pshychenko V. V., Cherno V. S., Chebotar L. D., Yulevich O. I., Petrova O. I.

Abstract. The violation of the regime and the change in the quality of the diet, due to the acceleration of the
pace of life and giving preference to fast food rather than a rational and balanced diet, have led to the consumption
of an uncontrolled amount of food additives. The constant use of products containing monosodium glutamate leads
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to exceeding the maximum permissible consumption rates and the occurrence of metabolic changes, in particular,
oxidative stress in the heart. Drugs with antioxidant properties are used to correct disorders caused by oxidative
stress. One of the antioxidants that has a cardioprotective effect is melatonin. The purpose of the study was to de-
termine the changes in the pro-oxidant-antioxidant system of the heart of rats under the influence of monosodium
glutamate and the correction of pathological changes by melatonin.

The experimental animals were divided into three groups: a control group and two experimental groups. The ani-
mals of the first (control) group were kept under normal vivarium conditions without the influence of additional fac-
tors. The animals of the second group per os received a 3% aqueous solution of monosodium glutamate at the rate
of 20 mg/kg. Rats of the third group received a 3% aqueous solution of glutamate (20 mg/kg), and for the purpose
of correction, melatonin was administered intraperitoneally to the animals at a dose of 1.0 mg/kg of body weight
once a day. Metabolic changes in the heart muscle of rats were studied on the 7th, 14th, 21st, 28th day of the study.

The obtained data indicate that the daily consumption of monosodium glutamate in a dose of 20 mg/kg of body
weight leads to the activation of the processes of lipid peroxidation, which begins already in the early stages of
the experiment and continues until its end and indicates the development of oxidative stress. An increase in total
antioxidant activity was also detected on the 7th and 14th days of the study, followed by its gradual decrease on
the 21st and 28th days of the study, which indicates the exhaustion of the key components of the enzymatic com-
ponent of the antioxidant system. Thus, the results of our research indicate an imbalance in the balance between
the processes of lipid peroxidation and the antioxidant defense system, which leads to a change in the structural
and functional properties of cardiomyocyte membranes, which is an unfavorable condition for the functioning of
the cardiovascular system. The introduction of exogenous melatonin contributed to a decrease in the intensity of
peroxidation of lipids and activation of the enzymatic link of the antioxidant system, which is accompanied by an
increase in the activity of superoxide dismutase and catalase and a decrease in the level of primary and secondary
products of peroxidation. Therefore, melatonin is a potentially useful drug for reducing the manifestations of oxida-
tive stress in the myocardium.
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