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Through the Gut–Liver Axis



Liver fibrosis

Liver fibrosis is the 
consequence of 
several chronic liver 
diseases. 

Once developed, it is 
either reversible or 
results in cirrhosis, 
liver failure, and 
mortality.

Pelloicoro A., et al, Nature review immunology, 2014



Patients with liver 
fibrosis and cirrhosis 
commonly express 
high endotoxin levels   
(a marker of gut leakiness).

Applied from: Soppert J., et al., Clinical Gastroenterology and Hepatology, 2023

⋆ ? The causal role of gut leakiness & its mechanisms underlying liver fibrosis 

as well as therapeutic intervention through the gut-liver axis ?

Liver fibrosis & Endotoxemia
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Melatonin

Melatonin:

✓ A hormone produced in the pineal gland 

✓ Largely generated (more than ~400 times) 

in the gastrointestinal (GI) tract 

✓ Circadian rhythms and sleep

✓ A key regulator of anti-inflammatory and 

antioxidant systems 
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Melatonin

Melatonin:

✓ Scavenge reactive oxygen/nitrogen species 

(ROS/RNS) and lipid peroxides

✓ Increase endogenous antioxidant enzymes, 

such as superoxide dismutase, glutathione, 

and catalase

✓ Reduce proinflammatory and profibrogenic 

markers, including NF-κB, TNF-α, IL-1β,   

IL-6, and TGF-β
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Melatonin

Applied from: Kvetnoy I., et al., Int. J. Mol. Sci, 2022

Melatonin:

✓ Regulate diverse physiological functions, 

such as immune responses and 

tissue/organ injury.

✓ Melatonin consumption (dietary supplement) 

can increase serum melatonin and  

distribute to all body compartments, as 

melatonin can pass through cell membranes 

and other barriers.
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Melatonin

⋆ ? The mechanisms by which melatonin exerts its beneficial effects 

on preventing gut leakiness and liver fibrosis ?

Melatonin (MT):

✓ Melatonin supplementation 

• Improve insomnia 

• Help prevent or protect against injury 

in many organs 



⋆Aim: To investigate the contributing role of gut leakiness in liver fibrosis 
through the gut-liver axis & the protective mechanisms of melatonin. 

The Effects of Melatonin and Role of Gut Leakiness in 
Liver Fibrosis 



In vivo rat experiments



TUNEL stainingH&E staining

Intestinal deformation Apoptosis

Increased gut structural deformation and apoptosis – 
improved by Melatonin



Intestinal immunoblot analyses

Intestinal proteins

Decreased gut tight & adherens junction proteins (TJ/AJs) – 
improved by Melatonin

Han X., et al., Journal of Materials Chemistry B, 2019



Gut leakiness and endotoxemia leads to liver injury – 
improved by Melatonin

(Gut leakiness) (Liver injury)



TUNEL staining

Fibrosis Apoptosis

Picrosirius red staining

Liver fibrosis and apoptosis – improved by Melatonin



Liver immunoblot analyses

Increased expression of proteins associated with 
liver fibrosis – improved by Melatonin



Underlying mechanisms?



Aberrant protein function from post-translational modifications 

(PTMs) in gut leakiness and liver injury



Gut post-translational modifications (PTMs)



Increased gut protein acetylation – improved by Melatonin
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Increased gut dysbiosis and decreased short-chain fatty 
acids – improved by Melatonin



Liver post-translational modifications (PTMs)



Increased liver protein acetylation – improved by Melatonin



Protein acetylation?



Applied from: Ruthrotha Selvi B., et al., Epigenomics, 2012

Protein acetylation and deacetylation processes



Liver protein acetylation
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Liver protein acetylation is specific for a reduction in 
Sirt1 deacetylase – improved by Melatonin



Increased acetylation of Sirt1-targeted proteins – 
improved by Melatonin

(Inflammation)

(Apoptosis)

(Metabolism)



The role of Sirt1 in gut leakiness 
and liver fibrosis?



In vivo mouse experiments



Gut-specific Sirt1-KO (GKO) mice are susceptible to 
TAA-induced gut leakiness



GKO mice are susceptible to TAA-induced gut leakiness
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Increased liver injury markers in TAA-treated GKO mice 
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GKO mice are susceptible to TAA-induced liver fibrosis

WT GKO



Increased gut and liver protein acetylation in GKO mice 



Increased acetylation of Sirt1-targeted proteins in GKO mice 



In vitro study?



Decreased Sirt1 & increased protein acetylation in hepatocytes 
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Decreased intestinal Sirt1 expression – 
improved by Melatonin
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Decreased intestinal TJ/AJ expression – 
improved by Melatonin
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Decreased intestinal Sirt1 & TJ/AJ expression – 
improved by Melatonin



⋆Melatonin Prevents TAA–Induced Gut Leakiness and Liver Fibrosis 
Through the Gut–Liver Axis via Modulating Sirt1-Related Deacetylation of 

Gut Junctional Complex and Hepatic Proteins.

Melatonin Prevents Gut Leakiness and Liver Fibrosis 
Through the Gut–Liver Axis
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