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INTRODUCTION

Exogenous H,S has proven to be a potent antioxidant, not only because of its direct effect on ROS scav-
enging but also due to its capacity to activate the endogenous antioxidant defense system. Therefore,
exogenous H,S could potentially influence the course of inflammation by reducing secondary altera-
tions. The study aimed to determine the combined effect of NaHS and nimesulide on the development of
oxidative-nitrosative stress in the myocardium of rats subjected to lipopolysaccharide-induced systemic
inflammatory response. The experiments were performed on 30 Wistar rats. The animals were divided into
5 groups: control (received saline); LPS group, rats that were injected intraperitoneally with 0.4 ug/kg
of bacterial LPS S. typhi (first week thrice a week, then 1 time a week for 30 days), group of rats treated
with nimesulide and LPS, received same treatment as in LPS group but in last seven days of experiment
additionally were administered orally 18.15 mg/kg of nimesulide; group with administration NaHS and
LPS, rats received the same treatment as in LPS group, but in the last seven days of the experiment, were
additionally administered intraperitoneally 5 mg/kg of NaHS, group with administration nimesulide, NaHS
and LPS, rats received same treatment as in LPS group but in last seven days of experiment additionally
were administered orally 18 mg/kg of nimesulide and intraperitoneally 5 mg/kg NaHS. In the rat blood,
we studied C-reactive protein content, and in 10% rat myocardium homogenate, we studied parameters of
oxidative stress, functioning of nitric oxide cycle and hydrogen sulfide content. Lipopolysaccharide loading
of the body is accompanied by hyperproduction of active nitrogen forms and the development of oxidative
damage to myocardial lipids and proteins, with a compensatory increase in the activity of antioxidant en-
zymes. Simultaneous administration of nimesulide and NaHS during LPS-inflammation decreased cNOS
activity by 1.22 times, nitrosothiols concentration by 3.41 times, peroxynitrite by 1.61 times, superoxide
production by 4.85 times, and nitrites increased by 1.98 times, catalase activity by 2.31 times, superoxide
dismutase by 3.75 times, malondialdehyde decreased by 3.47 times, sulfides by 2.98 times and oxidatively
modified proteins by 2.43 times compared to the control. Thus, the use of nimesulide, the introduction of a
hydrogen sulfide donor, and their combined use under conditions of lipopolysaccharide-induced systemic
inflammation lead to a decrease in the excessive production of nitric oxide and its toxic metabolites in the
myocardium of rats. At the same time, a synergistic effect of nimesulide and exogenous hydrogen sulfide
is observed only in reducing the intensity of oxidative damage to lipid structures of the myocardium under
conditions of lipopolysaccharide-induced systemic inflammatory response.

Key words: oxidative stress, hydrogen sulfide, heart; bacterial lipopolysaccharide; systemic inflammation;
nimesulide.

nity [1]. Bacterial myocarditis is the leading
cause of sudden death in young patients [2].

In recent years, an increase in the incidence
of myocarditis has been noted, which is due
to changes in the body’s reactivity, incorrect
and untimely use of medications, unjustified
immunization and frequent re-immunization of
the population, global environmental changes,
psycho-emotional stress, and weakened immu-
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Treatment of myocarditis remains difficult and
complex due to the proliferation of inflamma-
tory lesions in the myocardium [3]. Oxidative
stress, which occurs when lipopolysaccharides
act on cardiomyocytes, is characterized by
an imbalance of antioxidant systems and the
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production of free radicals in the body, which
leads to long-term cell damage.

Increased reactive oxygen species (ROS) have
been recognized as a key factor during vascular
or cardiac injury associated with various heart
diseases, such as acute myocardial infarction
and ischemic heart disease [4]. In various cell
types, including cardiomyocytes, several factors,
such as bacterial lipopolysaccharide (LPS) or
tumor necrosis factor alpha (TNF-a), can induce
the release of ROS and a significant increase
in cyclooxygenase 2 (COX-2) expression,
which is attenuated by antioxidants [5]. Thus,
experimental studies in vitro and in vivo suggest
activation of COX-2 by various stimuli, but
ROS may be a common factor mediating this
process. According to the results of Lv PP et
al., the COX-2 inhibitor nimesulide can improve
myocardial function in isolated rat hearts suf-
fering from oxidative stress. The mechanisms
may be through an improvement in endothelium-
dependent arterial relaxation and an increase in
NO content in the heart [6].

Exogenous H,S has proven itself as a potent
antioxidant not only due to its direct effect on
ROS scavenging, but also due to its ability to
activate the endogenous antioxidant defense
system [7]. H,S, through sulfhydration of Kelch-
like ECH-associated protein 1 and subsequent
increase in nuclear translocation of erythroid-
related factor-2 (Nrf-2), increases the amount
of antioxidant enzymes such as catalase and
superoxide dismutase, thereby reducing oxidative
stress [8]. H,S also inhibits peroxynitrite-
mediated processes in vivo by scavenging
peroxynitrite [9]. As we know from the literature
we reviewed regarding endogenous H,S, it is
beneficial at physiological concentrations but
harmful at supraphysiological concentrations,
which is similar to the situation with nitric
oxide (NO), another gaseous transmitter that
shares many biological effects with H,S [10].
However, in this article, we will focus on the
anti-inflammatory effects of H,S and the concept
that these effects can be used to develop more
effective and safer anti-inflammatory drugs.
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There is preclinical evidence suggesting that
H,S-releasing derivatives of several nonsteroidal
anti-inflammatory drugs, including diclofenac,
ketoprofen, and indomethacin, have significant
advantages over the parent drugs [11].

The study aimed to determine the combined
effect of NaHS and nimesulide on the development
of oxidative-nitrosative stress in the myocardium
of rats under conditions of lipopolysaccharide-
induced systemic inflammatory response.

METHODS

The experiments were performed on 30 white,
sexually mature male Wistar rats, weighing 190-
220 g. Throughout the experiment, the animals
were kept in a vivarium under the rules of animal
hygiene, maintaining a 12/12-hour daily cycle of
“light-darkness” with constant aeration, an air
temperature of 26°C, and a humidity of 43 +2%.
Rats received ad libitum a mixed grain-vegetable
diet and water.

The animals were divided into five groups,
each containing six animals. Group I — control.
Rats from this group were injected intraperi-
toneally with 0.1 ml of 0.9% sodium chloride
solution in the first week 3 times, then once a
week for 30, from the 24th day of the experi-
ment, 1 ml 0of 0.9% sodium chloride solution was
administered orally once a day until the end of
the experiment (last 7 days). In group II (LPS),
rats were intraperitoneally injected with 0.4
ug/kg of bacterial LPS of S. typhi (pyrogenal)
in the first week, 3 times, then once a week for
30 [12]. In group III (LPS and NSAIDs), rats
were intraperitoneally injected with 0.4 pg/kg
of bacterial LPS of S. #typhi (pyrogenal) in the
first week 3 times, then once a week for 30
days, from the 24th day of the experiment, 18.15
mg/kg of nimesulide was administered orally
once a day until the end of the experiment (last
7 days). Dose of nimesulide was calculated using
the species endurance constant (R), according
to the formula: R =,/Q x V/Kc, where Q is the
basal metabolic rate, kcal/kg - h; V is the cardiac
output, I/’kg - h; Kc (brain mass, g/body mass,
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kg) is the cerebration coefficient. R, for humans
is 0.57, R, for rats is 3.62. Dose of nimesulide
was calculated as D1(human)/R1 = D2 (rat)/R2.
According to the drug instruction therapeutic
dose of nimesulide for a human weighing 70
kg (D1) is 200 mg/day (100 mg twice a day).
So D2 = ((200 mg/70kg) - 3.62)/0.57 = 18.15
mg/kg [13]. In group IV (LPS and NaHS), rats
were intraperitoneally injected with 0.4 pg/kg
of bacterial LPS of S. #yphi (pyrogenal) in the
first week, 3 times, then once a week for 30 days,
from the 24th day of the experiment, 5 mg/kg
of hydrogen sulfide donor NaHS was injected
intraperitoneally once a day until the end of the
experiment (last 7 days) [14]. In group V (LPS,
NSAIDs and NaHS), rats were intraperitoneally
injected with 0.4 ug/kg of bacterial LPS of S.
typhi (pyrogenal) in the first week 3 times, then
once a week for 30 days, from the 24th day of
the experiment, 18.15 mg/kg of nimesulide were
administered orally once a day and 5 mg/kg of
the hydrogen sulfide donor NaHS intraperitone-
ally once a day until the end of the experiment
(last 7 days).

The conditions for keeping animals in the
vivarium were standard. Euthanasia of experi-
mental animals was performed under thiopental
anesthesia 100 mg/kg on the 30th day by taking
blood from the right ventricle of the heart. The
object of the study was the blood serum and
myocardium of rats. For biochemical studies,
10% myocardial homogenate was prepared. Af-
ter removing the rat heart from the thoracic cav-
ity, the myocardium was separated and placed
in a Petri dish and minced. A sample of myocar-
dium weighing 500 mg was taken for analysis.
The tissue was homogenized in 10 mmol/l tris
(2-amino-2-hydroxymethyl-propane-1,3-diol)-
HCI buffer, pH 7.4 (1 g of tissue per 9 ml of
medium) for 30-40 s. The supernatant was used
for biochemical studies. All manipulations were
carried out at a temperature of 0° to +4°C (in an
ice bath). During the experiments, the recom-
mendations of the “European Convention for
the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes”

ISSN 2522-9028 ®ision. scypu., 2025, T. 71, Ne 4

(Strasbourg, 1986) were followed following the
“General Principles of Animal Experiments”
approved by the 1% National Congress on Bio-
ethics, and the requirements of the “Procedure
for Conducting Experiments and Experiments
on Animals by Scientific Institutions” (2012).
All manipulations with laboratory animals were
approved by the Bioethical Committee of Pol-
tava State Medical University (Record No. 228
from 20.06.2024)

Biochemical research methods. The con-
centration of C-reactive protein was determined
in the blood plasma of rats using diagnostic
kits produced by NPP “Filisit-Diagnostics”.
All spectrophotometric studies were performed
on a Ulab 101 spectrophotometer at respective
wavelengths.

Total NO synthase (gNOS) activity was de-
termined by the increase in nitrite after incuba-
tion of 10% myocardial homogenate (0.2 ml) for
30 min in incubation solution (2.5 ml of 0.1 M
tris buffer, 0.3 ml of 320 m aqueous L-arginine
solution, and 0.1 ml of 1 mmol/l NADPH+H+
solution). To determine the activity of constitu-
tive isoforms of NO synthase (cNOS), a 1%
solution of aminoguanidine hydrochloride was
used, and the incubation time was extended to
60 min. The activity of the inducible isoform of
NO synthase (iNOS) was calculated using the
formula: iNOS = gNOS - ¢cNOS. The concentra-
tion of nitrites was determined by determining
the diazo compounds formed in the reaction
with sulfanilic acid, and then the reaction with
a-naphthylamine (Griss-llosvay reagent) was
carried out. As a result, red derivatives (azo
dyes) are formed. The intensity of the color is
proportional to the concentration of nitrites. Ar-
ginase activity was determined by the increase
in L-ornithine concentration after incubation of
0.2 ml of 10% myocardial homogenate with 0.3
ml of 24 mmol/l L-arginine solution [15].

The concentration of nitrosothiols was de-
termined by the difference in the concentration
of nitrites (NO,") using the Griess reagent (with
Ilosvay modification) before and after the oxida-
tion of nitrosothiol complexes (S-NO) to nitrites
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with a solution of mercuric chloride (HgCl,).
The concentration of alkali and alkaline earth
metal peroxynitrite was measured by its reac-
tion with potassium iodide at pH 7.0 in 0.2 M
phosphate buffer at the same pH, yielding the
product I; with a maximum absorption at a
wavelength of 355 nm [12].

The production of superoxide anion radical
was determined by the reaction of the latter with
nitroblue tetrazolium dihydrochloride (NBT),
which leads to the conversion of NBT, yellow
in color, to diformazan, blue. The maximum
absorption of diformazan in chloroform is at a
wavelength of 500-570 nm. Catalase activity
was determined by the color of the products
formed as a result of the reaction of hydrogen
peroxide with ammonium molybdate. The cal-
culation was made by the amount of hydrogen
peroxide that was catabolized in the presence of
0.1 ml of 10% myocardial homogenate con-
taining catalase per unit time. To determine the
activity of superoxide dismutase (SOD), the
reaction of adrenaline autoxidation in an alkaline
medium with the formation of superoxide was
used, by comparing the rate of adrenaline autoxi-
dation in the presence of 0.1 ml of 10% myocar-
dial homogenate and without it. The activity of
SOD was calculated in conventional units (c.u.,
1 unit indicates a decrease in the reaction rate by
50%). Free malondialdehyde was estimated by a
specific reaction with 1-methyl-2-phenyl-indole
in a mixture of methanol and acetonitrile to form
a chromogen (carbocyanine dye) with maximum
light absorption at a wavelength of 586 nm [15].

The concentration of oxidatively modified
proteins (OMP) was determined spectrophoto-
metrically; the principle of the method is that
2,4-dinitrophenylhydrazine reacts with the
carbonyl groups of oxidized proteins to form
dinitrophenylhydrazones. [12].

The concentration of sulfide anion was
calculated as the concentration of H,S. H,S
specifically reacts with N-N-dimethyl-para-
phenylenediamine in the presence of Fe3" ions
and excess hydrochloric acid to form a red-pink
chromogen with maximum light absorption at a

76

wavelength of 667 nm [16].

Mathematical and statistical research
methods. Statistical processing of the biochemi-
cal study parameters was performed using non-
parametric analysis of variance according to the
Kruskal-Wallis method. This was followed by a
subsequent pairwise comparison of the groups
according to the Mann—Whitney method. To
avoid the phenomenon of multiple comparison
error, the Bonferroni correction was used. Sta-
tistical analysis of the associated parameters of
biochemical studies was carried out using the
Wilcoxon test. All statistical calculations were
performed in Microsoft Office Excel and its Real
Statistics 2019 extension. The difference was
considered statistically significant at P < 0.05.
Data in figures and tables is presented as mean +
standard error of mean (M + SEM).

RESULTS AND DISCUSSION

The results of C-reactive protein concentration
in the blood plasma of rats before and after
correction of LPS-induced systemic inflammation
with nimesulide, inorganic hydrogen sulfide
donor (NaHS), and their combination are
presented in Figure. In the group of rats, where
correction of changes in the myocardium caused
by systemic inflammation was performed using
nimesulide, the concentration of C-reactive
protein increased by 13.6 times on day 23
compared to the indicator on the first day
before LPS administration, on day 30 of the
experiment the concentration of C-reactive
protein decreased by 8.5 times compared to
the indicator on day 23 (P < 0.05). In the group
of rats, where correction of changes in the
myocardium caused by systemic inflammation
was performed using NaHS, the concentration
of C-reactive protein increased by 11.2 times
on day 23 compared to the indicator on the first
day before LPS administration, on day 30 of
the experiment the concentration of C-reactive
protein decreased by 4.31 times compared to
the indicator on day 23 (P < 0.05). In the group
of rats, where correction of changes in the
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Concentration of C-reactive protein in the blood plasma of
rats under the conditions of administration of nimesulide
(A), inorganic hydrogen sulfide donor (NaHS) (B), and their
combination (C) during the last 7 days of modeling LPS-
induced systemic inflammation, which was simulated for 30
days. I, data before the administration of LPS; 1, data before
the administration of nimesulide and NaHS; III, data after
the administration of nimesulide and NaHS. Notes: Data are
represented as mean (M) + SEM. *P < 0.05 compared to the
indicators before the start of LPS administration (1 day); **P
< 0.05 compared to the indicators before the introduction of
the studied corrector (23 days)
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myocardium caused by systemic inflammation
was performed using nimesulide and NaHS, the
concentration of C-reactive protein increased by
11.2 times on day 23 compared to the indicator
on the first day before LPS administration, on
day 30 of the experiment the concentration
of C-reactive protein decreased by 5.6 times
compared to the indicator on day 23 (P < 0.05).
We found that under the conditions of LPS
administration, gNOS activity in the rat myo-
cardium increased by 2.61 times, iNOS by 2.71
times, cNOS by 2.09 times, the concentration
of nitrosothiols by 1.18 times, peroxynitrite by
1.57 times, and nitrites by 8.83 times catalase
activity by 3.07 times, SOD by 1.23 times, MDA
concentration by 7.73 times, sulfide anions
by 3.91 times and OMP content by 2.82 times
compared to the control (P < 0.05) (Table).
Meanwhile, arginase activity decreased by 3.04
times, compared to the control (P < 0.05).
Systemic inflammation, which is formed
in the body under conditions of regular admin-
istration of LPS, is accompanied by excessive
production of pro-inflammatory cytokines (IL-6,
IL-1, TNF-a, etc.), which is caused by activa-
tion of the transcription factor NF-kB. In addi-
tion to pro-inflammatory cytokines, iNOS gene
expression is also under transcriptional control
of NF-«xB, which explains its increased activity
observed in our study [17]. Given the dominant
role of iNOS in nitric oxide production, the
increase in the concentration of peroxynitrite
in the myocardium may be associated with an
increase in the activity of this enzyme. Exces-
sive formation of peroxynitrites and increased
activity of antioxidant enzymes (mainly SOD)
may be the reason for the absence of statisti-
cally significant changes in the formation of
superoxide anion radical in the myocardium of
rats under the conditions of administration of
bacterial lipopolysaccharide to rats. At the same
time, the formation of peroxynitrite excludes
nitric oxide from the physiological cycle of its
transformations and creates a certain deficit of
its effects, which may explain the accumulation
of nitrites and the activation of constitutive
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Biochemical parameters in the myocardium of rats under conditions of administration of hydrogen sulfide donor
(NaHS) and nimesulide under conditions of lipopolysaccharide-induced systemic inflammatory response (M+SEM)

LPS and Ni LPS,
and Nime-
Parameters Control LPS 30 days sulide LPS and NaHS | Nimesulide and
u
NaHS

Total NO-synth

o TSy , / 0.87+0.04
activity, pmol/min  0.64+0.08 1.67+0.32* 0.4140.02%5% 0. 71£0.02%45H% s/
per g of protein
Inducible NO-syn-
th 1/ i 0.56+0.08 1.52+0.32* 0.35:0.02%/%%  (.66£0.02%xxnx  O-51£0.04

ase, umol / min . . . . . . . . e o

per g of protein
Constitutive NO-
synthase, pumol/min 0.0736+0.0004 0.1541+0.0034*
per g of protein

Arginase activity,

1.4940.01

pmol/min per g of 0.49+£0.01%*

protein

Nitrosothiols con-

0.239+0.003  0.281+0.008*

centration, pmol/g

Peroxynitrite con-

1.91+0.01 3+0.04*

centration, pmol/g

Nitrite concentra-

. 3.04+0.11
tion, nmol/g

26.85+1.74*

Superoxide anion
radical production,
nmol/s per g

1.31+0.01 1.254+0.08

Catalase activity,

0.494+0.002
pkat/g

1.518+0.074*

Superoxide dis-

mutase activity, 1.87+0.1 2.340.15%*

c.u.
Malondialdehyde

concentration,
pmol/g

5.16+0.06 39.91+4.63%*

Oxidatively modi-
fied proteins con-
centration, c.u.

0.044+0.0004 0.124+0.004*

Sulfide anion con- 304014 12.5240.7%*

centration, pmol/g

0.0611£0.0007%*/**

2.01£0.02%/*x

0.137+0.003*/*x*

1.55+0.03*/%*

2.18+0.15% /%%

0.230.01*/#*

1.285+0.024*/**

9.2940.25%/*x

20.440.58*/%*

0.1460.001*/#*

9.58+0.11%/*x*

0.0579+0.0002

/% sk /3 ok

1.7720.04 */x/x

0.086+0.006

/s sk 5k

0.9+0.03 s/ e sk /5 ok

4.21+0.55%*

0.27+0.01 s/ sk sk ok

0.695+0.016

s/ sk /3 ok %
6.75+0.55

EEEIE RS

29.48+0.61 */**x*

0.2+0.002

EIEEIE TS

8.48+0.13

/% sk /3 sk

0.0604+0.0004

s/ 3k %/ sk ok %k

1.41+£0.03

sk /% sk sk / ok skosk ok

0.07+0.004

s/ sk sk /s sk ok /o sk sk sk

1.19+0.05

sk /sk sk /s sk ok /o sk sk ok

6.03+0.43

s/ sk sk/ sk sk ok / ok ok sk ok

0.27+0.0] */ /%%

1.144+0.005

s/ ok sk / sk ok ok ok sk ok ok

7.0140.2 1 */x#/%%%

17.88+0.18

sk /sk sk /s sk ok /o sk sk ok

0.107+0.001

s/ sk sk /3 ok ke ok sk ok ok

9.52+0.08

s/ 3k %/ sk ok %k

*P< 0,05 compared to control;** P< 0,05 compared to LPS group; ***P < 0,05 compared to group LPS
and nimesulide; ****P< 0,05 compared to group LPS and NaHS.
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isoforms of NO synthase under the influence
of bacterial lipopolysaccharide. It is obviously
that cNOS activation is unable to restore the
physiological pool of nitric oxide, which is
used for the formation of peroxynitrites; there-
fore, activation of the nitrate, nitrite reductase
pathway of nitric oxide formation is an adap-
tive response to the deficiency of its effects,
as evidenced by the accumulation of nitrites in
the myocardium. At the same time, the increase
in the concentration of MDA and the content
of OMP against the background of unchanged
production of superoxide anion radical indicates
an increase in the intensity of oxidative stress
due to other oxygen radicals (hydroxyl, oxygen
radicals of higher fatty acids, etc.). The decrease
in arginase activity may be due to a deficiency
of the substrate for this enzyme, which is aimed
at maintaining high iNOS activity. Stimulation
of the body with bacterial lipopolysaccharide,
according to scientific literature, reduces the
activity of Cystathionine-y-lyase, which should
reduce H,S production and its concentration in
tissues [18]. Considering that Cystathionine-y-
lyase is the dominant enzyme that produces H,S
in the cardiovascular system, the increase in
its concentration observed in our study may be
associated with non-enzymatic mechanisms of
its formation (reduction from sulfites or release
from polysulfide groups of proteins) and is an
adaptive response to LPS-induced damage. An
increase in C-reactive protein concentration in
rat blood during stimulation of the organism with
bacterial LPS can be attributed to activation of
transcriptional factor NF-xB [19].

Under the conditions of nimesulide admin-
istration against the background of modeling of
LPS-induced systemic inflammation, the activ-
ity of gNOS in the myocardium of rats decreased
by 1.56 times, iNOS by 1.6 times, cNOS by 1.2
times, the concentration of nitrosothiols by 1.74
times, peroxynitrite by 1.23 times and nitrites
by 1.39 times, production of superoxide anion
radical in the rat myocardium decreased by 5.7
times compared to the control (P < 0.05). Argi-
nase activity increased by 1.35 times, catalase
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activity by 2.6 times, SOD by 4.97 times, MDA
concentration by 3.96 times, sulfide anion by
2.99 times, and OMP content by 3.32 times
compared to the control (P < 0.05).

Compared with the group of rats that re-
ceived LPS, the activity of gNOS in the myocar-
dium of rats administered nimesulide against the
background of LPS-induced systemic inflam-
mation decreased by 4.07 times, iNOS by 4.34
times, cNOS by 2.52 times, the concentration
of nitrosothiols by 2.05 times, peroxynitrite
by 1.94 times and nitrites by 12.32 times, pro-
duction of superoxide anion radical decreased
by 5.43 times, catalase activity by 1.18 times,
MDA concentration by 1.95 times and sulfide
anion concentration by 1.31 times. Meanwhile,
arginase activity increased by 4.1 times, SOD
activity by 4.04 times and OMP content by 1.18
times (P < 0.05).

The evidence of nimesulide’s effectiveness
during the treatment of systemic inflammation
can be attributed to its ability to inhibit COX-
2, which is one of the leading mechanisms in
pathological changes during systemic inflam-
mation [20]. COX-2-dependent mechanism may
also underlie the effectiveness of nimesulide in
decreasing CRP levels observed in our study.
The ability of exogenous hydrogen sulfide ad-
ministration to influence systemic inflammation
was also shown in scientific literature, which is
realized by COX-2 inhibition and sulfhydration
of human anigens [21]. Abdelrahman R.S. et
al. showed in their study that hydrogen sulfide
administration decreases CRP content during
cardiovascular dysfunction [22].

The main mechanism of action of nimesulide
on the body is selective blockade of COX-2 [23].
Although blocking COX-2 does not directly im-
pact the activity of NF-kB transcription factors,
it can minimise secondary alterations, which are
caused by excessive production of prostaglan-
dins (COX-2 products), which indirectly reduce
the activity of the transcription factor NF-«xB.
The scientific literature provides data on the
presence of antioxidant properties in nimesulide,
which explains the increase in SOD and catalase
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activity in our study, since the administration of
nimesulide reduces the functional load on these
enzymes [24]. The scientific literature provides
limited data on the effect of nimesulide on the
activity of enzymes that produce endogenous
H,S, therefore, the decrease in its concentration
in the nimesulide group may be associated with
a lower level of heart tissue damage.

Under the conditions of the introduction of
a hydrogen sulfide donor (NaHS) against the
background of modeling LPS-induced systemic
inflammation, the activity of cNOS in the myo-
cardium of rats decreased by 1.27 times, the
concentration of nitrosothiols by 2.78 times,
peroxynitrite by 2.12 times, the production of
superoxide anion radical by 4.85 times compared
to the control (P <0.05). The activity of arginase
increased by 1.19 times, catalase by 1.41 times,
SOD by 3.61 times, the concentration of MDA
by 5.71 times, sulfide anions by 2.65 times and
the content of OMP by 4.55 times compared to
the control (P < 0.05).

Compared with the group of rats that re-
ceived LPS, the activity of gNOS in the myo-
cardium of rats under the conditions of NaHS
administration against the background of sys-
temic inflammation decreased by 2.35 times,
iNOS by 2.3 times, cNOS by 2.66 times, the
concentration of nitrosothiols by 3.27 times,
peroxynitrite by 3.33 times, nitrite by 6.38 times,
the production of superoxide anion radical by
4.63 times, catalase activity by 2.18 times and
the concentration of sulfide anions by 1.48 times
(P <0.05). The activity of arginase increased by
3.61 times, SOD by 2.93 times and the content
of OMP by 1.61 times (P<0.05).

Comparing two correctors, nimesulide and
hydrogen sulfide donor (NaHS), which were
administered against the background of sys-
temic inflammation, an increase in gNOS in the
myocardium of rats in the LPS and NaHS group
was found by 1.73 times, iNOS by 1.89 times,
superoxide anion radical production by 1.17
times, MDA concentration by 1.44 times, and
OMP content by 1.37 times. Meanwhile, cNOS
activity decreased by 1.06 times, arginase activ-
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ity by 1.14 times, nitrosothiol concentration by
1.59 times, peroxynitrite by 1.72 times, catalase
activity by 1.85 times, SOD by 1.38 times and
sulfide anion concentration by 1.13 times com-
pared to the LPS and nimesulide group (P < 0.05).

As already noted above, exogenous H,S is
a stimulator of activation of the transcription
factor Nrf-2, which has an antagonistic nature
towards NF-kB, which is manifested in com-
petition for DNA binding sites, which explains
the NaHS-induced decrease in iNOS activity
and peroxynitrite concentration in the rat heart
[8]. In addition to its ability to influence redox
processes by activating the expression of anti-
oxidant genes, H,S has a direct antiradical effect
on peroxynitrites and superoxide anion radical,
which explains the decrease in the intensity of
oxidative damage to lipid and protein structures
of the heart observed in our study [9]. The intro-
duction of exogenous H,S leads to reciprocal in-
hibition of its formation from other compounds
(sulfites, disulfide groups), since exogenous
H,S does not affect the activity of enzymes of
its synthesis in healthy rats [25].

Under the conditions of simultaneous ad-
ministration of nimesulide and hydrogen sulfide
donor (NaHS) against the background of model-
ing of systemic inflammation, cNOS activity in
the myocardium of rats decreased by 1.22 times,
the concentration of nitrosothiols by 3.41 times,
peroxynitrite by 1.61 times, the production of
superoxide anion radical by 4.85 times compared
to the control (P<0.05). The concentration of
nitrites increased by 1.98 times, catalase activity
by 2.31 times, SOD by 3.75 times, MDA con-
centration by 3.47 times, sulfide anion by 2.98
times and OMP content by 2.43 times compared
to the control (P < 0.05).

Compared with the group of rats that received
LPS, the activity of gNOS in the myocardium
of rats under the conditions of simultaneous ad-
ministration of nimesulide and NaHS against the
background of systemic inflammation decreased
by 1.92 times, iNOS by 1.88 times, cNOS by
2.55 times, the concentration of nitrosothiols by
4.01 times, peroxynitrite by 2.52 times, nitrites
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by 4.45 times, the production of superoxide
anion radical by 4.63 times, catalase activity
by 1.33 times and MDA concentration by 2.23
times, sulfide anions by 1.32 times and OMP
content by 1.16 times (P < 0.05). Meanwhile,
the activity of arginase increased by 2.88 times
and SOD by 3.05 times (P < 0.05).

Under the conditions of simultaneous ad-
ministration of nimesulide and hydrogen sulfide
donor (NaHS) against the background of model-
ing of systemic inflammation, gNOS activity in-
creased in the myocardium of rats by 2.12 times,
iNOS by 2.31 times, nitrite concentration by
2.77 times, superoxide anion radical production
by 1.17 times compared to the group of animals
that were administered nimesulide against the
background of modeling of systemic inflamma-
tion (P <0.05). Arginase activity decreased by
1.43 times, nitrosothiol concentration by 1.96
times, peroxynitrite by 1.3 times, catalase ac-
tivity by 1.13 times, SOD by 1.33 times, MDA
concentration by 1.14 times and OMP content
by 1.36 times compared to the group of animals
that were administered nimesulide against the
background of modeling of systemic inflamma-
tion (P < 0.05).

Under the conditions of simultaneous ad-
ministration of nimesulide and hydrogen sulfide
donor (NaHS) against the background of model-
ing of LPS-induced systemic inflammation, the
activity of gNOS increased in the myocardium
of rats by 1.23 times, iNOS by 1.23 times, cNOS
by 1.04 times, the concentration of peroxynitrite
by 1.32 times, nitrite by 1.43 times, catalase
activity by 1.64 times and the concentration of
sulfide anions by 1.12 times compared to the
group of animals that were administered NaHS
against the background of modeling of systemic
inflammation (P < 0.05). The activity of arginase
decreased by 1.26 times, the concentration of
nitrosothiols by 1.23 times, MDA by 1.65 times,
and the content of OMP by 1.87 times compared
to the group of animals that were administered
NaHS against the background of modeling of
systemic inflammation (P < 0.05).

The same direction of changes in all
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groups of correction of the effect of bacterial
lipopolysaccharide indicates the activation of
similar genetic mechanisms by nimesulide and
exogenous hydrogen sulfide, which probably
include modulation of the activities of such
redox-sensitive transcription factors as Nrf-2
and NF-kB, which requires further study. The
synergistic effect of nimesulide and exogenous
hydrogen sulfide is manifested only in the effect
on the intensity of damage to lipid structures
of the myocardium and may be associated with
the direct antioxidant effects of nimesulide and
hydrogen sulfide.

The increase in arginase activity in all groups
of correction of the systemic inflammatory
response is likely a consequence of a decrease
in the activity of the inducible isoform of NO
synthase, which releases a substrate for arginase.

The limitations of our study are: a small
number of experimental animals in study groups,
the absence of control groups for nimesulide,
hydrogen sulfide, and their combination (ad-
ministration of studied drugs to intact animals).

CONCLUSIONS

Lipopolysaccharide loading of the body is
accompanied by hyperproduction of active
nitrogen forms and the development of oxidative
damage to myocardial lipids and proteins,
with a compensatory increase in the activity
of antioxidant enzymes. Using nimesulide, a
hydrogen sulfide donor, and combining the two
under conditions of lipopolysaccharide-induced
systemic inflammation all lead to a decrease in
excessive nitric oxide production and its toxic
metabolites in the rat myocardium. At the same
time, a synergistic effect of nimesulide and
exogenous hydrogen sulfide is observed only
concerning reducing the intensity of oxidative
damage to lipid structures of the myocardium
under conditions of lipopolysaccharide-induced
systemic inflammatory response.

The authors of this study confirm that the research
and publication of the results were not associated
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financial relations, relations with organizations
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BIIJINB EK30T'EHHOT'O CIPKOBO/IHIO
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Exsorennuii H,S 3apexomennyBaB cebe K MOTyKHHH
AQHTHOKCHAAHT HE TiNBKU 3aBASKH MPSMOMY BIUTHBY Ha I10-
[JTMHAHHS aKTHBHHUX (OPM KHCHIO, aje W CBOIH 3maTHOCTI
aKTHBYBATH €H/IOTEHHY aHTHOKCHIAHTHY 3aXHCHY CHCTEMY.
Tomy moTeHiHO BiH MOKe BIUTMBATH Ha TIEPeOir 3armaeHHs
yepe3 3MEHIICHHS BTOPUHHOI aimbTeparii. MeTa Hamoro
JOCTIKEHHSI — BU3HAUNTH ToenHaHni BruB NaHS Ta
HIMEeCYJIi Ty Ha pO3BUTOK OKCHIATHBHO-HITPO3aTUBHOTO CTpE-
Cy B MiOKapi IIypiB 3a YMOB JIIOIOJiCaXapuIiHTyKOBaHO
CHCTEMHO1 3aIaibHO1 BiINOBimi. JlocimiKeHHS IPOBOINITN Ha
30 mypax Jinii Bictap, sixkux noximmnm Ha 5 rpym. TBapuan
I xoHTpONBHOT TPyNHU OTpUMYBaIH (Pi310TOTIUHUIA POZYHH.
lypawm Il rpynu BBoMIIN BHYTpiTHB0O4YEepeBUHHO 0,4 MKT/
Kr OakrepianpHui tinonoxicaxapun S. typhi (JIIIC) y nepumii
TIDKJICHB TPUUi Ha TIDKJICHB, IOTIM Pa3 Ha THXKIAEHD YIPOTOBK
30 nuiB; TBapuH Il rpymu orpumysanu JIIIC, ane B ocranHi
7 MHIB eKCIIEPUMEHTY 1M JT0JJaTKOBO BBOIMIIH IIEPOpaTbHO 1 8
Mmr/kr Himecymigy. lypam 1V rpynu BBogmmm JIIIC, ame
B ocTaHHI 7 AHiB momaTkoBo me 5 mr/kr NaHS BHyT-
pimrabo0depeBuHHO. ypn V rpymu orpumysamu JIIIC,
aje B OCTaHHI 7 OHIB iM D0JaTKOBO BBOIMIM 18,15 mr/kr
HimMecymiay Tta 5 mr/kr NaHS. ¥V kxpoBi mypiB mocmin-
KyBanu BMicT C-peaktuBHOTO Oinka, a B 10%-My romo-
reHaTi Miokapaa IypiB — MOKa3HUKH OKCHIATHBHOTO
cTpecy, QyHKIIIOHYBaHHS IHUKIY OKCHIY a30Ty Ta BMICT
cipkoBoaHI0. JlinonomicaxapuaHe HaBaHTaKEHHS OpTaHi3My
CYNIPOBOJIKY€ETHCA TIIEPIPOAYKIIEI0 aKTUBHUX (OPM a30Ty
Ta PO3BUTKOM OKCHIATUBHOTO TTOIIKOHKEHHS JIITi/iB 1 O1IKiB
MioKapJa 3 KOMIEHCATOPHUM ITiIBUIIEHHSM aKTHBHOCTI
AHTHOKCUJAHTHUX (epMeHTiB. OqHOUacHUN mpuiioMm
Himecyminy Ta NaHS mpu JIIIC-3amaneHH] 3HUKYBaB
akTHBHICTh KOHCTUTYTHBHOI NOS y 1,22 paza, KOHIEH-
Tpamito HiTpo3oTioniB y 3,41 paza, nmepokcuHiTpUTy B 1,61
pasa, IpOAYKIIito cynepokcuay B 4,85 pasa, a BMICT HITPHUTIB
30inpmryBaBes B 1,98 pasa, aktuBHICTB KaTanasu B 2,31 pasa,
CyMepOoKCHIINCMYTa3u — B 3,75 pasa, BMiCT MaJOHOBOTO
nianbaeriny 3HWKyBaBcs y 3,47 pasa, cynbdiniB y 2,98 pasza
Ta OKHCHOMOIU(iIKOBaHUH OiNOK y 2,43 pa3a MOpiBHSIHO 3
KOHTpOJIeM. BUKOpHCTaHHSA HIMeCymixy, BBEJCHHS JOHOPA
CIPKOBOZIHIO Ta iX MO€IHaHE 3acTOCyBaHHA 3a ymoB JIIIC-
IHIYKOBAaHOTO CHCTEMHOTO 3aMajeHHs MPHU3BOIUTH IO
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3HMKCHHS HaUTHIIKOBOT MPOAYKIIT OKCHUIY a30Ty Ta HOro
TOKCHYHHUX METabomiTiB y Miokapai miypis. [Ipu mpomy
CHUHEpriyHa Jis HIMECYyJily Ta €K30I€HHOr0 CipKOBOIHIO
CIOCTEPIraeThCsl JUIIC 100 3HUKCHHS IHTCHCHBHOCTI
OKCHJATHBHOTO TOIIKOHKCHHSI JIIT THUX CTPYKTYpP MioKapa
B ymoBax JIIIC-iHayKOoBaHOI CHCTEMHOT 3aMmaibHOT BiAMOBIII.
KirouoBi ciioBa: OKCHIATUBHHI CTPEC, CIPKOBOJICHB, CEpIIe,
OakTepialbHUN JIIMOMOicaXapu, CUCTEMHE 3amaleHHs,
HiMeCYJTiI.
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