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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-κB 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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ВПЛИВ ІНГІБІТОРА Р38 НА РОЗВИТОК ОКСИДАТИВНОГО СТРЕСУ  
В ДВОГОЛОВОМУ М’ЯЗІ СТЕГНА ЩУРІВ ПІД ЧАС МОДЕЛЮВАННЯ 

ЕКСПЕРИМЕНТАЛЬНОГО МЕТАБОЛІЧНОГО СИНДРОМУ 
 

Оксидативний стрес – типовий патологічний процес, який лежить в основі розвитку багатьох захворювань. 
Метаболічний синдром порушує фізіологічне постачання метаболітів до клітини, що призводить до енергетичного дефіциту 
через розвиток низькоінтенсивного запалення та оксидативного стресу, спричиненого порушенням функції мітохондрій. Вже 
було показано, що редокс-чутливі транскрипційні фактори, такі як NF-κB, відіграють вирішальну роль у патогенезі 
метаболічного синдрому та його ускладнень. Водночас, мало згадується про роль факторів, що контролюють мітогенний цикл, 
таких як каскад p38-MAPK, у патогенезі метаболічного синдрому. Метою цього дослідження є оцінка впливу введення SB203580 
на продукцію супероксидного аніон-радикала, активність антиоксидантних ферментів, інтенсивність перекисного окислення 
ліпідів та пошкодження білків у двоголовому м'язі стегна щурів під час моделювання метаболічного синдрому. Досліджували 
базову продукцію супероксидного аніон-радикала, його продукцію від мікросомального ланцюга електрон-транспорту, його 
продукцію від мітохондріального ланцюга електрон-транспорту, активність супероксиддисмутази та каталази, концентрацію 
малонового діальдегіду та окисно-модифікованих білків. Введення SB203580 тваринам, на яких ми моделювали метаболічний 
синдром, призвело до зниження продукції основного супероксиду в двоголовому м'язі стегна щурів на 25,7 % порівняно з 
групою метаболічного синдрому. Продукція супероксидного аніон-радикалу з мікросомального електроно транспортного 
ланцюга зменшилася на 16,0 %, а з мітохондріального електроно транспортного ланцюга – на 14,6 % порівняно з показниками 
групи метаболічного синдрому. Введення SB203580 тваринам, на яких ми моделювали метаболічний синдром, збільшило 
активність супероксиддисмутази та каталази на 93,1 % та 98,4 %, відповідно, порівняно з групою метаболічного синдрому. 
Концентрація малонового діальдегіду та окисно-модифікованих білків у двоголовому м'язі стегна щурів зменшилася на 21,1 % 
та на 22,8 % порівняно з групою метаболічного синдрому. Введення SB203580 послаблює розвиток оксидативного стресу в 
двоголовому м'язі стегна щурів під час метаболічного синдрому шляхом зменшення вироблення активних форм кисню, 
посилення антиоксидантного захисту та зниження інтенсивності пошкодження ліпідів та білків. 

Ключові слова: скелетні м’язи, оксидативний стрес, антиоксиданти, метаболічний синдром, карбонільний стрес, 
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-κB 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-κB 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].  

III – 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 № 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-HCl 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) 

Parameters 
Groups 

Control, n=6 MetS, n=6 SB203580, n=6 SB203580 
+MetS, n=6 

Basic SA production, nmol/s per g 0.63±0.01 1.09±0.01 
* 

0.68±0.01  
*/# 

0.81±0.02  
*/#/^ 

SA production from microsomal ETC, 
nmol/s per g 

9.04±0.21 15.07±0.06* 9.77±0.25  
*/# 

12.66±0.45 */#/^ 

SA production from mitochondrial 
ETC, nmol/s per g 

10.71±0.14 16.85±0.10* 11.27±0.17  
*/# 

14.39±0.09 */#/^ 

SOD activity, c.u. 5.97±0.25 4.20±0.17  
* 

7.62±0.64  
*/# 

8.11±0.39  
*/# 

Catalase activity, μkatal/g 0.728±0.02 0.376±0.004  
* 

0.899±0.01  
*/# 

0.746±0.005 
#/^ 

Free MDA concentration, μmol/g 5.27±0.14 22.22±0.39  
* 

9.21±0.36  
*/# 

17.54±0.17  
*/#/^ 

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 
35.2 % 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 NADPH2 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-κB. 

5. Activation of transcriptional factor NF-κB 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-κB during MetS modeling may cause a shift in tissue macrophage 
polarization towards predominance of M1 (pro-inflammatory) phenotype. Blockade of p38-MAPK/NF-κB 
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-κB 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. 

 

References 
1. Bekyarova GY, Vankova DG, Madjova VH, Bekyarov NA, Salim AS, Ivanova DG, et al. Association between Nfr2, HO-1, 
NF-kB Expression, Plasma ADMA, and Oxidative Stress in Metabolic Syndrome. Int J Mol Sci. 2023 Dec 2;24(23):17067. 
doi:  10.3390/ijms242317067. 
2. Cavaliere G, Cimmino F, Trinchese G, Catapano A, Petrella L, D'Angelo M, et al. From Obesity-Induced Low-Grade 
Inflammation to Lipotoxicity and Mitochondrial Dysfunction: Altered Multi-Crosstalk between Adipose Tissue and Metabolically 
Active Organs. Antioxidants (Basel). 2023 May 29;12(6):1172. doi: 10.3390/antiox12061172. 
3. Chen W, Yang W, Zhang C, Liu T, Zhu J, Wang H, et al. Modulation of the p38 MAPK Pathway by Anisomycin Promotes 
Ferroptosis of Hepatocellular Carcinoma through Phosphorylation of H3S10. Oxid Med Cell Longev. 2022 Nov 24;2022:6986445. 
doi: 10.1155/2022/6986445. 
4. Liu L, Guo H, Song A, Huang J, Zhang Y, Jin S, et al. Progranulin inhibits LPS-induced macrophage M1 polarization via NF-
кB and MAPK pathways. BMC Immunol. 2020 Jun 5;21(1):32. doi: 10.1186/s12865-020-00355-y. 
5. Mamikutty N, Thent ZC, Sapri SR, Sahruddin NN, Mohd Yusof MR, Haji Suhaimi F. The establishment of metabolic syndrome 
model by induction of fructose drinking water in male Wistar rats. Biomed Res Int. 2014; 2014: 263897. doi:  10.1155/2014/263897. 
6. Masenga SK, Kabwe LS, Chakulya M, Kirabo A. Mechanisms of Oxidative Stress in Metabolic Syndrome. Int J Mol Sci. 2023 
Apr 26;24(9):7898. doi: 10.3390/ijms24097898. 
7. Mykytenko AO, Akimov OYe, Yeroshenko GA, Neporada KS. Influence of NF-κB on the development of oxidative-nitrosative stress 
in the liver of rats under conditions of chronic alcohol intoxication. Ukr. Biochem. J. 2022; 94(6): 57-66. doi:  10.15407/ubj94.06.057. 
8. Nishikawa H, Asai A, Fukunishi S, Nishiguchi S, Higuchi K. Metabolic Syndrome and Sarcopenia. Nutrients. 2021 Oct 
7;13(10):3519. doi: 10.3390/nu13103519. 
9. Nokkaew N, Mongkolpathumrat P, Junsiri R, Jindaluang S, Tualamun N, Manphatthanakan N, et al. p38 MAPK Inhibitor 
(SB203580) and Metformin Reduces Aortic Protein Carbonyl and Inflammation in Non-obese Type 2 Diabetic Rats. Indian J Clin 
Biochem. 2021 Apr;36(2):228-234. doi: 10.1007/s12291-019-0815-9. 
10. Richter-Stretton GL, Fenning AS, Vella RK. Skeletal muscle – A bystander or influencer of metabolic syndrome? Diabetes 
Metab Syndr. 2020 Sep-Oct;14(5):867-875. doi: 10.1016/j.dsx.2020.06.006.  
11. Talafha MM, Qasem A, Naser SA. Mycobacterium avium paratuberculosis Infection Suppresses Vitamin D Activation and 
Cathelicidin Production in Macrophages through Modulation of the TLR2-Dependent p38/MAPK-CYP27B1-VDR-CAMP Axis. 
Nutrients. 2024 Apr 30;16(9):1358. doi: 10.3390/nu16091358. 
12. Xiao C, Xu C, He N, Liu Y, Wang Y, Zhang M, et al. Atractylenolide II prevents radiation damage via MAPKp38/Nrf2 
signaling pathway. Biochem Pharmacol. 2020 Jul;177:114007. doi: 10.1016/j.bcp.2020.114007. 
13. Yin H, Zhang J, Lin H, Wang R, Qiao Y, Wang B, et al. p38 mitogen-activated protein kinase inhibition decreases TNFalpha 
secretion and protects against left ventricular remodeling in rats with myocardial ischemia. Inflammation. 2008 Apr;31(2):65-73. 
doi: 10.1007/s10753-007-9050-2. 

Стаття надiйшла 03.04.2024 р. 


