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Oxidative stress is a typical pathological process, which underlies development of many diseases. Metabolic syndrome disrupts
physiological supply of metabolites to the cell leading to energy deficiency, due to low grade inflammation development, and oxidative
stress, caused by mitochondria impairment. It has been already shown that redox sensitive transcriptional factors like NF-«B play a crucial
role in pathogenesis of metabolic syndrome and its complications. At the same time, there are few mentions of role of mitogenic cycle
controlling factors such as p38-MAPK cascade in pathogenesis of metabolic syndrome. The purpose of the study was to evaluate influence
of SB203580 administration on production of superoxide anion radical, activities of antioxidant enzymes, intensity of lipid peroxidation
and protein damage in rat biceps femoris muscle during metabolic syndrome modeling. Studied basic superoxide anion radical production,
its production from microsomal electron transport chain, its production from mitochondrial electron transport chain, superoxide dismutase
and catalase activity, concentration of malondialdehyde and oxidatively modified proteins. SB203580 administration to animals, on which
we modeled metabolic syndrome, led to decrease in basic superoxide production in rat biceps femoris muscle by 25.7 % compared to
metabolic syndrome group. Superoxide anion radical production from microsomal electron transport chain decreased by 16.0 % and from
mitochondrial electron transport chain decreased by 14.6 % compared to indicators of metabolic syndrome group. SB203580
administration to animals, on which we modeled metabolic syndrome, increased superoxide dismutase and catalase activities by 93.1 %
and by 98.4 %, respectively, compared to metabolic syndrome group. Concentration of malondialdehyde and oxidatively modified
proteins in rat biceps femoris muscle decreased by 21.1 % and by 22.8 % compared to metabolic syndrome group. Administration of
SB203580 attenuates oxidative stress development in rat biceps femoris muscle during metabolic syndrome by decreasing reactive oxygen
species production, increasing antioxidant defense and lowering intensity of lipid and protein damage.
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BIIJINB IHI'TBITOPA P38 HA PO3BUTOK OKCUIATUBHOI'O CTPECY
B IBOI'OJIOBOMY M’A31 CTET'HA IYPIB III I YAC MOAEJIFOBAHHS
EKCHEPUMEHTAJIBHOI'O METABOJIITYHOI'O CUHAPOMY

OKCHIAaTUBHUN CTpEeC — THUIIOBHIl MATOJNOTIYHMIA MPOLEC, SKUH JIGKUTh B OCHOBI PO3BUTKY OaraThbOX 3aXBOPIOBAHb.
Meraboniuauii cuHApOM TopyIIye (i3ionoriyne NocTadyaHHs METabOoMiTIB 0 KIITHHH, IO TIPU3BOIHUTEH IO CHEPIeTHIHOrO Aedinury
gepe3 PO3BUTOK HU3BKOIHTEHCHUBHOTO 3allalleHHs T4 OKCHAATHBHOTO CTPECY, CIPHYMHEHOTO MOPYIIEHHAM (PYHKIIT MiTOXOHpii. Bke
Oyl0 TOKa3aHO, IO PENOKC-4yTNIUBI TpaHCKpumiiiHi daktopu, Taki sk NF-kB, BigirpaioTh BHpilIagbHy pojib y MaroreHesi
MeTabOIIYHOTO CHHPOMY Ta HOro ycKiIaaHeHb. BoqHodac, Mao 3ragyeThest Ipo poiib (hakTopiB, IO KOHTPOJIOIOTH MITOTCHHUH LKL,
TakuX sk Kackaa p38-MAPK, y narorenesi MerabomigHOro cuHapoMy. MeToro IIboro JOCTiIKEHHS € OIliHKa BIUTUBY BBeAeHH SB203580
Ha MPOAYKLII0 CYNEPOKCHIHOIO aHIOH-pa/HKaja, aKTUBHICTh aHTUOKCHIAHTHHUX (DEPMEHTIB, IHTEHCHBHICTh MEPEKUCHOTO OKHCIICHHS
JHIIB Ta MOIIKOUKEHHS OUIKIB y JBOTOJIOBOMY M'SI31 CTETHA IIypiB ITiJl YaC MOJEIOBAHHS MeTaboIiqHOro cHHapoMy. JlocmimKyBamm
0a30By MPOAYKIIIO CYIIEPOKCHUIHOTO aHiOH-PaJfKalia, HOro MPOMYKIiI0 BiJ MIKPOCOMAJIBHOIO JIAHITIOTa €JIEKTPOH-TPAHCIIOPTY, HOro
HPOAYKLIIO BiJl MITOXOHJPIaJbHOIO JIAHIIOTA E€JIEKTPOH-TPAHCIIOPTY, aKTHBHICTH CYIEPOKCHUIIMCMYTA31 Ta KaTanasy, KOHLEHTPALIito
MaJIOHOBOTO JiaJIbJIETiTy Ta OKUCHO-MOM(ikoBaHHX OuTKiB. Beenenns SB203580 TBaprHaM, Ha SKHX MH MOJICITIOBAIN META0OTITHA
CHHJIPOM, TPH3BEJIO O 3HIDKEHHS MPOMYKIli OCHOBHOTO CYHNEPOKCHIY B JABOTOJIOBOMY M's3i CTerHa mIypiB Ha 25,7 % MOpIBHSHO 3
Ipynoro MeraboiiuHoro cuHapomy. ITpomyKiis CyHepoKCHIHOIO aHiOH-pajMKaly 3 MIKPOCOMAJIBHOIO EJICKTPOHO TPAHCIOPTHOIO
JaHIgora 3MeHnmacs Ha 16,0 %, a 3 MiTOXOHAPIAIEHOTO €JIEKTPOHO TPAHCIOPTHOTO JIAHIora — Ha 14,6 % MOpIBHSHO 3 ITOKa3HUKaMU
rpynu Mertabomigaoro cuaapomy. Beemenns SB203580 TeapuHam, Ha SIKMX MU MOJIETIOBAIM METAOONIYHUI CHHIPOM, 30LTHILIIIIO
aKTHUBHICTb CYNEPOKCHIIMCMYTa31 Ta Karaiasu Ha 93,1 % Ta 98,4 %, BiIMOBIZHO, HOPIBHIHO 3 IPYNOI0 META0OIiYHOIO CHHAPOMY.
KoH11eHTparist MaloHOBOTO JAJIBETiy Ta OKHCHO-MOIU(]IKOBAHNX OUIKIB y JIBOTOJIOBOMY M'sI31 CTETHA IIypiB 3MeHIIIacs Ha 21,1 %
Ta Ha 22,8 % mopiBHAHO 3 rpynoro MerabomiyHoro cuaapomy. Beemenns SB203580 mocmabmioe po3BUTOK OKCHIATHBHOTO CTPECY B
JIBOTOJIOBOMY M'si3i CTErHa IMypiB MiJ 4Yac METa0OJIIYHOrO CHHAPOMY LUISXOM 3MEHIIEHHS BHUPOOJICHHS aKTMBHUX (HOPM KHCHIO,
MOCHJICHHS aHTHOKCUJIAHTHOTO 3aXKCTY Ta 3HIDKCHHS IHTEHCHBHOCTI OIIKO/DKEHHS JIIIiiB Ta OLIKIB.

Ku1r04oBi ci10Ba: ckeneTHi M’ 431, OKCHIATUBHUH CTpeC, aHTHOKCHIAHTH, METa0OIIYHII CHHIPOM, KapOOHITFHHH CTpeC,
p38, MAPK.

The study is a fragment of the research project “The role of transcription factors, the circadian oscillator system and
metabolic disorders in the formation and functioning of pathological systems”, state registration No. 0119U103898.

Oxidative stress is a typical pathological process, which underlies development of many diseases.
Oxidative stress is initiated by increased production of reactive oxygen species (ROS), which include:
superoxide anion radical (SA), hydroxyl radical, singlet oxygen, hydrogen peroxide etc. Any disruption of
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metabolic supply to the cell energy-producing apparatus leads to increased production of ROS and may
initiate oxidative stress in organs and tissues.

Metabolic syndrome (MetS) disrupts physiological supply of metabolites to the cell leading to
energy deficiency, due to low grade inflammation development, and oxidative stress, caused by
mitochondria impairment [2]. It has been already shown that redox sensitive transcriptional factors like
NF-kB play a crucial role in pathogenesis of MetS and its complications [1]. Activation of transcriptional
factors, which control antioxidant enzymes gene expression, like Nrf-2, usually displays protective effects
on MetS-induced tissue damage [1]. At the same time, there are few mentions of role of mitogenic cycle
controlling factors in pathogenesis of MetS. One of the key mitogenic cycle controlling factors is p38-
mitogen activated protein kinase (MAPK) cascade. This cascade has a close interaction with transcription
factor NF-kB and may be involved in pathogenesis of MetS [4].

One of the main pathogenetic links in MetS development is increase in insulin resistance. Increased
insulin resistance may lead to fat accumulation in skeletal muscles with subsequent loss of muscle tissue,
leading to sarcopenia [8]. Despite the fact that pathological mechanisms associated with MetS, such as
hyperglycemia and inflammation, have been associated with changes in skeletal muscle fiber composition,
metabolism, insulin sensitivity, mitochondrial function, and strength, it is still under scientific debate
whether skeletal muscles are bystanders or influencers during metabolic syndrome development [10].

Therefore, role of p38-MAPK activation in skeletal muscles during metabolic syndrome in
oxidative stress development is still studied insufficiently.

The purpose of the study was to evaluate the influence of SB203580 administration on production
of superoxide anion radical, activities of antioxidant enzymes, intensity of lipid peroxidation and protein
damage in rat biceps femoris muscle during metabolic syndrome modeling.

Materials and methods. In order to conduct our study, we randomly selected 24 mature male
Wistar rats weighing 200-260 g from Poltava State Medical University vivarium. For two weeks prior the
experiment, animals were kept on standard diet and 12/12 light/dark cycle. The animals were divided into
4 groups of 6 animals each:

I — Control group. Animals from this group received manipulations similar to those of the other
groups, but instead of the active substances, they received a 0.9 % solution of sodium chloride.

II — Metabolic syndrome group (MetS group). MetS was reproduced by using a 20 % fructose
solution as the only source of water for 60 days [5].

I — SB203580 (4-(4-Fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)-1H-imidazole,
Sigma-Aldrich) administration group (SB203580 group). SB203580 was administered intraperitoneally in
a dose 2 mg/kg once every 3 days for 60 days [13].

IV — Administration of SB203580 on the background of MetS modelling (MetS+ SB203580
group). Animals from this group received SB203580 intraperitoneally in a dose 2 mg/kg once every 3 days
and had 20 % fructose solution as the only source of water for 60 days.

All manipulations with laboratory animals were approved by the Bioethics Commission of the
Poltava State Medical University (Record Ne 206 from 24.06.2022). Animals were removed from
experiment under thiopental anesthesia by blood sampling from the right heart ventricle.

The object of the study was a 10 % homogenate of the biceps femoris muscle of rats. Tissue
homogenate was prepared by grinding 1 g of biceps femoris muscle with 9 ml of Tris-HCI buffer solution
(pH=7.4). Received mixture of tissue and buffer was centrifugated for 30 minutes at 3000 g. Upper layer
was taken for biochemical studies. We studied following biochemical parameters: basic SA production, its
production from microsomal electron transport chain (ETC), SA production from mitochondrial ETC,
superoxide dismutase (SOD) and catalase activity, concentration of malondialdehyde (MDA) and
oxidatively modified proteins (OMP) [7].

Statistical analysis of obtained results was performed in Microsoft Office Excel using the extension
Real Statistics 2019. In order to evaluate statistical significance of differences between groups we used
non-parametric Kruscal-Wallis test (non-parametric ANOVA) followed by paired comparisons by Mann-
Whitney U-test with Bonferroni correction. The difference was counted as statistically significant if
p<0.05.

Results of the study and their discussion. MetS modeling led to development of oxidative stress
in rat biceps femoris muscle (Table 1). Key features of MetS-induced oxidative stress in rat biceps femoris
muscle were: increased production of SA from mitochondrial and microsomal ETCs, decreased SOD and
catalase activities, and elevated intensity of lipid peroxidation and protein damage.
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Table 1
Parameters of the pro- and antioxidant balance in rat biceps femoris muscle under the condition of modeling
the metabolic syndrome and SB203580 administration (M+SE)

Groups
Parameters Control, n=6 MetS, n=6 SB203580, n=6 fﬁggsﬁg

Basic SA production, nmol/s per g 0.63+0.01 1.09+0.01 0.68+0.01 0.81+0.02

* *# *[HN
SA production from microsomal ETC, 9.04+0.21 15.07+0.06* 9.77+£0.25 12.66+0.45 */#/"
nmol/s per g *[#
SA production from mitochondrial 10.71+£0.14 16.85+0.10* 11.27+0.17 14.39+0.09 */#/~
ETC, nmol/s per g *I#
SOD activity, c.u. 5.97+0.25 4.20+0.17 7.62+0.64 8.11+0.39

* *# */#
Catalase activity, pkatal/g 0.728+0.02 0.376+0.004 0.899+0.01 0.746+0.005

* ki #/n
Free MDA concentration, pmol/g 5.27+0.14 22.22+0.39 9.214+0.36 17.54+0.17

* *I# *HIN
OMP content, c.u. 0.097+0.002 0.228+0.005 0.122+0.001 0.176+0.002 */#/~

Note: * — data is statistically significantly different from control group (p<0.05). # — data is statistically significantly different
from MetS group (p<0.05). ~ — data is statistically significantly different from SB203580 group (p<0.05).

Blockade of p38-MAPK cascade activation by SB203580 administration to healthy animals led to
increase in basic SA production in rat biceps femoris muscle by 7.9 % compared to control group. SA
production from microsomal ETC increased by 8.1 % and from mitochondrial ETC increased by 5.2 %
compared to indicators of control group. SB203580 administration to healthy animals increased SOD and
catalase activities by 27.6 % and 23.5 %, respectively, compared to control. Concentration of MDA and
OMP in rat biceps femoris muscle increased by 74.8 % and by 25.8 % compared to control.

SB203580 administration to healthy animals led to decrease in basic SA production in rat biceps
femoris muscle by 37.6 % compared to MetS group. SA production from microsomal ETC decreased by
352 % and from mitochondrial ETC increased by 33.1 % compared to MetS group. SB203580
administration to healthy animals increased SOD and catalase activities by 81.4 % and 139.1 %,
respectively, compared to MetS group. Concentration of MDA and OMP in rat biceps femoris muscle
decreased by 58.6 % and by 46.5 % compared to MetS group.

Blockade of p38-MAPK cascade activation by SB203580 administration to animals, on which we
modeled MetS, led to increase in basic SA production in rat biceps femoris muscle by 28.6 % compared to
control group. SA production from microsomal ETC increased by 40.0 % and from mitochondrial ETC
increased by 34.4 % compared to indicators of control group. SB203580 administration to animals, on
which we modeled MetS, increased SOD activity by 35.8 %, while catalase activity remained unchanged
compared to control. Concentration of MDA and OMP in rat biceps femoris muscle increased by 232.8 %
and by 81.4 % compared to control.

SB203580 administration to animals, on which we modeled MetS, led to decrease in basic SA
production in rat biceps femoris muscle by 25.7 % compared to MetS group. SA production from
microsomal ETC decreased by 16.0 % and from mitochondrial ETC decreased by 14.6 % compared to
indicators of MetS group. SB203580 administration to animals, on which we modeled MetS, increased
SOD and catalase activities by 93.1 % and by 98.4 %, respectively, compared to MetS group.
Concentration of MDA and OMP in rat biceps femoris muscle decreased by 21.1 % and by 22.8 %
compared to MetS group.

SB203580 administration to animals, on which we modeled MetS, compared to SB203580
administration to healthy animals increased basic SA production in rat biceps femoris muscle by 19.1 %.
SA production from microsomal ETC increased by 29.6 % and from mitochondrial ETC increased by
27.7 % compared to indicators of SB203580 group. SB203580 administration to animals, on which we
modeled MetS, decreased catalase activity by 17.0 %, while SOD activity remained unchanged compared
to SB203580 group. Concentration of MDA and OMP in rat biceps femoris muscle decreased by 90.4 %
and by 44.3 % compared to SB203580 group.

An increase in ROS production in MetS group observed in our study correlates with studies of
other scientists and is most likely connected to the increase in insulin resistance and activation of redox
sensitive transcriptional factors in rat muscle tissue [1, 6]. MetS development causes a complex of changes
in cell metabolism [6]:

1. Through increased glucose accumulation excessive amount of sorbitol is formed.

2. Excess of sorbitol leads to depletion of NADPH; and increased ROS production.

3. Increased ROS production induces accumulation of advanced glycation end product (AGE).
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4. AGEs activate protein kinase C, which in turn trough MAPK can activate transcriptional factor
NF-kB.

5. Activation of transcriptional factor NF-xB exacerbates ROS production.

Substance SB203580 is a potent and highly selective inhibitor of p38-MAPK cascade [9].
Considering the crosstalk between p38-MAPK and Nrf-2 we can assume that increase in SOD and catalase
activity observed in SB203580 group and SB203580+MetS group are not connected to the increase of
expression of antioxidant genes, but are caused by decrease in workload on these enzymes due to decrease
in ROS production. The main reason for such assumption is that p38-MAPK inhibitor SB203580 can lower
the activation of Nrf-2 [12].

OMP represent the intensity of carbonyl stress developing in skeletal muscles during MetS
modeling caused by excessive glucose accumulation. The decrease in OMP content caused by SB203580
administration on the background of MetS modeling is connected with ability of p38-MAPK inhibitor to
decrease intensity of reactive carbonyl compounds formation [9].

Activation of p38-MAPK/NF-kB during MetS modeling may cause a shift in tissue macrophage
polarization towards predominance of M1 (pro-inflammatory) phenotype. Blockade of p38-MAPK/NF-xB
cascade by SB203580 administration restores physiological predominance of M2 (anti-inflammatory)
polarization of macrophages in skeletal muscles, which also may be one of mechanisms of ROS production
decrease [11].

A decrease in intensity of lipid peroxidation in skeletal muscle observed in group of SB203580
administration to rats with modelled MetS is consistent with the results of Chen W et al., who showed that
inhibition of p38-MAPK partially removed anisomycin-induced ferroptosis [3].

An increase in MDA and OMP content in group of SB203580 administration to heathy animals
may be a sign of light toxicity of the drug.

Interaction of p38-MAPK with transcriptional factor NF-kB in skeletal muscles under
physiological and pathological conditions requires further investigation.

Conclusion

Administration of SB203580 attenuates oxidative stress development in rat biceps femoris muscle
during metabolic syndrome by decreasing reactive oxygen species production, increasing antioxidant
defense and lowering intensity of lipid and protein damage.
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