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HIGHLIGHTS

o Aerobic exercise effect on hepatic
oxidative stress in a model of
obesity-associated NAFLD was
assessed.

Hepatic TBARS analysis was
conducted in obese-induced and
exercise-trained rats.

Hepatic lipid peroxidation decreases
in obesity-associated NAFLD after
exercise training.

Exercise mitigates liver damage in
NAFLD, independent of body weight
change.
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ABSTRACT — Background — The global rise in obesity has been accom-
panied by an increasing prevalence of nonalcoholic fatty liver disease
(NAFLD), for which effective non-pharmacological therapeutic strategies
remain limited. Objective — This study investigated the effects of aerobic
exercise on hepatic oxidative stress in an experimental model of obesity-
associated NAFLD. Methods — Newly weaned Wistar rats were fed a
highly palatable, obesity-inducing diet. After obesity was established, the
animals were randomly assigned to either a trained group (n=12) or a
sedentary group (n=12). The trained group underwent moderate-inten-
sity treadmill running for eight weeks. Hepatic lipid peroxidation was
assessed using the TBARS (thiobarbituric acid reactive substances) assay.
Results — Aerobic training significantly reduced hepatic TBARS levels
(P<0.0005), in an average of 1.8 nmol MDA/mg protein compared to the
sedentary group. These benefits were significant regardless of weight gain
maintenance. Conclusion — The findings suggest that regular physical
exercise attenuates hepatic lipid peroxidation in an experimental model
of obesity-associated NAFLD. The results support that physical exercise is
an effective non-pharmacological strategy for modulating oxidative stress
and preventing disease progression.

Keywords — Malondialdehyde; non-alcoholic fatty liver disease; oxidative

stress.
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INTRODUCTION

The global rise in obesity has been paralleled by
an increasing prevalence of non-alcoholic fatty liver
disease (NAFLD). It is estimated that NAFLD affects
between 60% and 95% of individuals with obesity,
and 5% to 25% of the general population”. Further-
more, a Brazilian study conducted by Lima et al. re-
ported that 99.1% of patients with morbid obesity
undergoing bariatric surgery exhibited various forms
of NAFLD, with more than half presenting with ad-
vanced stages of the disease®.

NAFLD is a multifactorial condition characteri-
zed by complex interactions among genetic predis-
position, age, sex, metabolic disorders, and lifestyle
factors, resulting in distinct clinical phenotypes. The
disease spectrum ranges from simple hepatic steato-
sis to non-alcoholic steatohepatitis (NASH), fibrosis,
cirrhosis, and hepatocellular carcinoma. Among the
mechanisms implicated, lipid peroxidation and oxi-
dative stress play a central role in the progression
from steatosis to NASH®.

Although previous studies have shown that regular
aerobic exercise can attenuate hepatic oxidative stress
and reduce lipid peroxidation, these effects have been
reported in heterogeneous experimental models, not
consistently representative of obesity-associated NA-
FLD induced by a high-sucrose diet”. In the present
study, we employed an experimental model of obesi-
ty-associated NAFLD induced by sucrose-rich feeding
in Wistar rats, aiming to assess the effects of aerobic
exercise on hepatic lipid peroxidation.

METHODS

This is an experimental study approved by the
Ethics Committee on Animal Experimentation of the
Universidade Federal de Minas Gerais, Belo Horizon-
te, Brazil for Care and Use of Laboratory Animals
(CETEA 53/2007) and was carried out in accordan-
ce with the regulations described in the Committee’s
Guiding Principles Manual.

Animals

The study included an experimental group (EG)
and a control group (CG), each consisting of 12
newly weaned male Wistar rats. They were kept in
individual cages in a hygienic environment with con-
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trolled temperature, humidity, and light, and had free
access to water and food. After being weighed and
measured, the animals were randomly assigned to
either the EG or CG group.

Diet and physical training

Animals in the CG received standard chow (NU-
VILAB-CR1), providing 309 kcal per 100 g of dry
matter, with 24.8 g protein, 3.4 g lipids, 44.8 g car-
bohydrates, 8.2 g minerals, and 18.8 g dietary fiber.
The EG received a hypercaloric, palatable diet com-
posed of powdered chow (33%), condensed milk
(33%), refined sugar (7%), and water (27%), vyiel-
ding 339 kcal per 100 g of dry matter, with 16.1 g
protein, 3.4 g lipids, 61.0 g carbohydrates, 5.1 g mi-
nerals, and 14.4 g fiber. Diets were freshly prepared
and offered daily in weighed portions. Food intake
was monitored by weighing the residual feed®.

EG animals underwent physical training consis-
ting of moderate-intensity treadmill running every
day, 5 days a week, for 8 weeks. The speed and
duration were gradually increased from 10m/min to
25 m/min at a 5% incline for 60 minutes®. Weekly
anthropometric measurements were recorded?”.

TBARS analysis

After 30 weeks, the rats were euthanized, and li-
ver samples were collected for TBARS analysis using
the Ohkawa method®. Results were expressed as
nmol MDA/mg protein.

Statistical analysis

Data were described as mean + standard deviation
or median and interquartile range, depending on the
distribution, as determined by the Shapiro-Wilk test.
Comparisons were performed using unpaired t-tests
or Mann-Whitney U tests. Statistical significance was
set at P<0.05 using IBM SPSS Statistics version 26.0.

RESULTS

The comparative results of the anthropometric
characteristics and TBARS levels between the two
groups are described in TABLE 1.

Rats that underwent physical training had, on
average, 1.8 nmol MDA/mg protein less TBARS than
those that did not exercise regularly (FIGURE 1).
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TABLE 1. Anthropometric data and TBARS levels in animals submitted
or not to physical training.

Physical training

Characteristics*
Yes (n=12) No (n=12)

96.3+19.4  100.7+15.8  0.550°
559,3[87,2] 621.5[191,1] 0.840°2
0.4[0.3-05] 0.5(0.3-0.6) 0.126°2

Initial weight (g)
Final weight (g)
A BMI (g/cm?)

TBARS (nmol

MDA/mg protein)
*Values are expressed as the mean value + standard deviation, or
median (IQR). BMI: body mass index. TBARS: thiobarbituric acid reactive
substances. 't-student test. 2Mann-Whitney test.
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FIGURE 1. Mean TBARS (mg) of rats submitted to (yes) and not
submitted to (no) physical training.

DISCUSSION

The present study shows that moderate-intensity
aerobic exercise significantly reduces hepatic lipid
peroxidation in an experimental model of obesi-
ty-associated NAFLD. Trained animals showed a
reduction in hepatic TBARS levels compared to se-
dentary controls, despite unchanged body weight
gain. These data reinforce that regular physical acti-
vity mitigates oxidative stress, regardless of changes
in body weight.

The validity of our experimental model is sup-
ported by prior research using this sucrose-rich diet
to induce obesity-associated NAFLD in Wistar rats®.
Our findings are consistent with previous reports
indicating that aerobic exercise enhances hepatic
mitochondrial function and antioxidant defenses in
models of diet-induced obesity®!”. The study de-
sign incorporated a validated animal model, proper
randomization, controlled environmental conditions,
and rigorous statistical analysis, increasing the credi-
bility and reproducibility of our results.

Although TBARS is recognized as a nonspecific
method for malondialdehyde detection, it is widely
used as a surrogate marker of lipid peroxidation in
experimental research, facilitating valid comparisons
among studies"'?. Future investigations should con-
sider more specific markers, such as 4-hydroxynone-
nal or protein carbonyls, to further refine the assess-
ment of oxidative damage.

The probable mechanism underlying physical
exercise-mediated hepatoprotection includes a re-
duction in intrahepatic fat content, suppression of
ROS overproduction, enhancement of fatty acid
B-oxidation, and preservation of hepatic autopha-
gy®!1?. Additionally, the decreased lipid peroxidation
induced by physical exercise limits mitochondrial
dysfunction and the activation of pro-inflammatory
and pro-fibrotic pathways, reducing hepatocyte
apoptosis and fibrogenesis"'>1%.

Taken together, the current evidence reinforces
the role of aerobic exercise as an effective non-phar-
macological intervention for reducing hepatic oxi-
dative stress and preventing NAFLD progression in
obesity-associated conditions. The reproducibility
and statistical robustness of our findings contribute
to the growing body of evidence supporting exercise
prescription as a therapeutic strategy.

CONCLUSIONS

Aerobic exercise is effective in reducing lipid pe-
roxidation, as assessed by TBARS levels in the liver
tissue of obesity-associated NAFLD rats. These fin-
dings reinforce the role of regular physical activity as
a non-pharmacological therapeutic intervention for
NAFLD, even in the absence of weight loss.
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Lima MLRP, Gioda CR; Leite LHR, Coimbra CC, Correa BHM; Leite VHR, Ferrari TCA. O exercicio aerobico reduz a peroxidacao lipidi-
ca em modelo experimental de obesidade associada a doenca hepatica gordurosa ndo alcodlica. Arq Gastroenterol. 2026;63:¢25086.

RESUMO - Contexto — O aumento global da obesidade tem sido acompanhado de prevaléncia crescente da doenca hepatica gordu-

rosa nao alcodlica (DHGNA), para a qual ainda sio limitadas estratégias terapéuticas nao farmacologicas eficazes. Objetivo — Este
estudo investigou os efeitos do exercicio aerdbico sobre o estresse oxidativo hepatico em um modelo experimental de obesidade
associada 3 DHGNA. Métodos — Ratos Wistar recém-desmamados foram alimentados com dieta altamente palativel e indutora de
obesidade. ApOs o estabelecimento da obesidade, os animais foram divididos aleatoriamente em grupos treinados (n=12) e seden-
tarios (n=12). O grupo treinado foi submetido a corrida em esteira de intensidade moderada por oito semanas. A peroxidacdo lipi-
dica hepitica foi avaliada por meio do método TBARS (substincias reativas ao 4cido tiobarbittrico). Resultados — O treinamento
aerobico reduziu significativamente os niveis hepaticos de TBARS (/<0,0005), em uma média de 1,8 nmol MDA/mg de proteina
em comparacio ao grupo sedentirio. Esses beneficios foram evidentes, apesar da manutencio do ganho de peso. Conclusiao —
Os achados sugerem que o exercicio fisico regular atenua a peroxidacio lipidica hepatica em modelo experimental de DHGNA
associada a obesidade. Os resultados indicam que o exercicio fisico € uma estratégia nao farmacologica eficiente na modulacio do
estresse oxidativo e na prevencdo da progressao da doenca.
Palavras-chave — Malondialdeido; doenca hepatica gordurosa nio alcodlica; estresse oxidativo.

[N

o))

REFERENCES
Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. 8. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues
Global epidemiology of nonalcoholic fatty liver disease—meta-ana- by thiobarbituric acid reaction. Anal Biochem. 1979;95:351-8.
Iytic assessment of prevalence, incidence, and outcomes. Hepatology. 9. Fernandes MSS, Moraes C, Santos DL, Rocha M, Oliveira WH, Paixao
2016;64:73-84. NA, et al. Aerobic exercise training has beneficial effects on oxidative
Lima MLRP, Souza FIS, Leite CMG, Oliveira CPMS, Zerbini MCN, Parise metabolism and non-enzymatic antioxidant defense in the livers of
ER. Hepatic histopathology of patients with morbid obesity submitted leptin-deficient mice. Front Endocrinol (Lausanne). 2020;11:574850.
to gastric bypass. Obes Surg. 2005;15:661-9. 10. Cho J, Kim H, Kim S, Jun DW, Cho YK, Sung JJ, et al. Effect of aerobic
Farzanegi P, Dana A, Ebrahimpoor Z, Asadi M, Azarbayjani MA. Mech- exercise training on non-alcoholic fatty liver disease induced by a high
anisms of beneficial effects of exercise training on non-alcoholic fatty fat diet in C57BL/6 mice. J Exerc Nutr Biochem. 2014;18:339-46.
liver disease (NAFLD): roles of oxidative stress and inflammation. Eur J 11. Aguilar Diaz De Leon J, Borges CR. Evaluation of oxidative stress in
Sport Sci. 2019;19:994-1003. biological samples using the thiobarbituric acid reactive substances assay.
Cheng Y, Zhang L, Yang G, Liu L, Zhang R, Lu Q, et al. Aerobic exercise J Vis Exp. 2020:e61122.
attenuates nonalcoholic fatty liver disease via regulating hepatic lipid 12. Bottari NB, Tonin AA, Fagundes MB, Franca RT, Gomes MS, Bochi
metabolism and improving mitochondrial function. Front Endocrinol GV, et al. Oxidative stress associated with pathological lesions in the
(Lausanne). 2020;11:606509. liver of rats experimentally infected by Fasciola hepatica. Exp Parasitol.
Lima MLRP, Duarte MBS, Oliveira CPMS, Gayotto LCC, Alves VAF, 2015;159:24-8.
Parise ER, et al. A novel Wistar rat model of obesity-related nonalco- 13. Korolczuk A, Adwent I, Skibska B, Goraca A. Oxidative stress and liver
holic fatty liver disease induced by sucrose-rich diet. ] Diabetes Res. morphology in experimental cyclosporine A-induced hepatotoxicity.
2016;2016:9127076. Biomed Res Int. 2016;2016:5823271.
Santiago HP, Batista RM, Bittencourt JC, Elias LLK, Antunes-Rodrigues 14. Wobser H, Dorn C, Weiss TS, Amann T, Bollheimer C, Biittner R, et
J, Almeida MC. Effects of physical training on hypothalamic neuronal al. Lipid accumulation in hepatocytes induces fibrogenic activation of
activation and expressions of vasopressin and oxytocin in SHR after hepatic stellate cells. Cell Res. 2009;19:996-1005.

running until fatigue. Pflugers Arch. 2024;476:365-77.

Novelli EL, Diniz YS, Galhardi CM, Ebaid GM, Rodrigues HG, Mani F,
et al. Anthropometrical parameters and markers of obesity in rats. Lab
Anim. 2007;41:111-9.

Arqg Gastroenterol ® 2026. v. 63:625086



