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Article Info ABSTRACT
Article type: Introduction: Cholestasis is one of the chronic liver diseases that is inseparably
Research associated with an ecological imbalance in gut microbiota. Since exercise training is
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a potent mediator of lipolysis, it is an effective approach for preventing cholestasis-
related damage. This study aimed to investigate the protective effects of combined
exercise training and probiotic supplementation on the cholestatic liver.

Methods: In this experimental study, 30 male Wistar rats (230-250 g) were
randomly assigned into five groups (n = 6): control, cholestasis, cholestasis with
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ANOVA and Tukey's post hoc test at a significance level of P < 0.05.

Results: The results showed a significant decrease in the number of healthy
hepatocytes and a significant increase in the number of Kupffer cells, blood TBili
and ALP levels, as well as an increase in TGF-f gene expression in the cholestasis
group compared to the control group (P < 0.001). Both exercise training and probiotic
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Cholestasis, consumption, either alone or in combination, compensated for liver tissue damage
Exercise Training, and restored hepatocyte counts, decreased the number of Kupffer cells, and reduced
Probiotic, levels of ALP, TBili, and TGF-f gene expression in the treatment groups (P < 0.001).
TGF-A.

Conclusion: Probiotic consumption, either alone or combined with exercise training,
by reducing the process of liver tissue damage, can be used as a therapeutic protocol
in patients with cholestasis.
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Extended Abstract

Introduction

Liver diseases are a significant global health issue and
are among the leading causes of disability in adults. One
such condition, cholestasis, is a progressive biliary
disorder that leads to liver fibrosis by activating the
TGF-B/Smad signaling pathway and inducing oxidative
stress. Regular physical exercise has been shown to help
alleviate cholestasis by enhancing bile flow, reducing
oxidative damage, and strengthening the liver's
antioxidant  defense  mechanisms.  Additionally,
emerging evidence suggests that both exercise and
probiotic supplementation can positively influence liver
metabolism, improve antioxidant capacity, and restore
the balance of gut microbiota, which in turn helps reduce
liver injury. Based on this evidence, the present study
aimed to investigate the combined effects of exercise
training and probiotic administration on TGF- gene
expression and liver biomarkers in a rat model of bile
duct ligation (BDL)-induced cholestasis.

Methods

Thirty male Wistar rats, aged 12 weeks and weighing
between 230 and 250 grams, were randomly divided
into five groups: control, cholestasis, cholestasis +
exercise, cholestasis + probiotic, and cholestasis +
exercise + probiotic (synergistic). All groups were
maintained under standard laboratory conditions.
Cholestasis was induced using the standard bile duct
ligation (BDL) method. A probiotic mixture containing
Lactobacillus rhamnosus, L. reuteri, and L. plantarum
(10® CFU /i |day) was adm inistered via gavage for
three weeks. Aerobic training was conducted on a rodent
treadmill for three weeks, with sessions lasting 10 to 30
minutes at a speed of 5 m/min, three days per week.
Serum biochemical markers (total bilirubin and alkaline
phosphatase) and hepatic TGF-p gene expression were
analyzed, alongside histopathological examination
using H&E staining. Quantitative real-time PCR was
performed, and data were evaluated using one-way
ANOVA with Tukey's post-hoc test, considering P <
0.05 as statistically significant.

Results

Cholestasis led to a significant increase in serum total
bilirubin (T.Bili), alkaline phosphatase (ALP), and
transforming growth factor-beta (TGF-B) levels. This

was accompanied by degeneration of hepatocytes and
proliferation of Kupffer cells (P<0.001). Treatment with
probiotics, exercise, and their combination significantly
reduced these pathological changes compared to the
untreated biliary duct ligation (BDL) group (P<0.001).
The interventions with probiotics and the combination
of probiotics and exercise demonstrated greater
effectiveness in lowering TGF-B levels and improving
hepatocellular integrity than exercise alone. Histological
analysis confirmed that these treatments alleviated
sinusoidal dilation, reduced the number of Kupffer cells,
and restored the normal arrangement of hepatic cords.
Overall, the combined administration of probiotics and
exercise resulted in the most substantial
hepatoprotective and anti-fibrotic effects, suggesting a
promising therapeutic approach for managing
cholestasis-induced liver injury.

Conclusion

This study demonstrated that both probiotic
supplementation and exercise training—whether
individually or in combination—can effectively reduce
hepatic fibrosis caused by cholestasis. Cholestasis
significantly increased Kupffer cell proliferation, serum
total bilirubin (TBiIli), alkaline phosphatase (ALP), and
transforming growth factor-beta (TGF-B) levels, while
also impairing the integrity of hepatocytes. However,
these pathological changes were notably reversed
following treatment. The intervention combining
probiotics and exercise showed the most significant
hepatoprotective and anti-fibrotic effects, restoring liver
architecture and improving biochemical balance. These
findings suggest that probiotics, either alone or in
conjunction with exercise, may serve as a safe and
effective therapeutic strategy to prevent or reduce liver
damage associated with cholestasis. Further molecular
and clinical studies are needed to clarify the underlying
mechanisms and to validate these effects in human
subjects.
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