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Synbiotic Supplementation Attenuates  
High-Fat Diet-Induced Metabolic and Behavioral 
Alteration in Female Mice Modulating  
Microbiota-Gut-Liver-Brain-Axis
Ashwinipriyadarshini Megur1, Dominyka Kobeckytė1, Bablu Kumar2,  
Eglė Lastauskienė3 Aurelijus Burokas1 
1 	 Department of Biological Models, Institute of Biochemistry, Life Sciences Center, Vilnius University,  

Vilnius, Lithuania
2 	 Department of Biosciences, Biotechnology and Environment, University of Bari A. Moro, Bari, Italy
3  	Department of Microbiology and Biotechnology, Institute of Biosciences, Life Sciences Center, Vilnius University, 

Vilnius, Lithuania.

Introduction. High-fat diet (HFD)–induced metabolic syndrome is closely associated with neu-
robehavioral disturbances through disruption of the microbiota–gut–liver–brain axis. Females 
subjects remain underrepresented in preclinical studies addressing these interactions. This study 
evaluated the long-term effects of a novel probiotic, Lacticaseibacillus paracasei 11W, and a syn-
biotic combination with galacto-oligosaccharides (GOS) on metabolic, behavioral, inflamma-
tory, and gut microbiota alterations induced by chronic HFD exposure in female C57BL/6J mice.

Methods. 35 Female mice were fed a control diet or HFD for 25 weeks and received oral 
administration of L. paracasei 11W alone or combined with 5% GOS. Metabolic parameters, 
glucose tolerance, behavioral outcomes (anxiety-, depression-, and cognition-related tests), co-
lonic and hippocampal inflammatory markers, liver and colon histology, and cecal microbiota 
composition (16S rRNA gene sequencing) were assessed.

Results. Chronic HFD induced obesity, impaired glucose tolerance, anxiety- and depressive-
like behaviors, cognitive deficits, colonic and hippocampal inflammation, hepatic steatosis, and 
gut microbiota dysbiosis. Probiotic treatment partially improved metabolic and behavioral al-
terations. The synbiotic intervention significantly reduced fasting glucose, improved glucose tol-
erance, attenuated anxiety- and depressive-like behaviors, restored recognition memory, reduced 
pro-inflammatory cytokine expression in colon and hippocampus, improved liver and colon his-
tology, and normalized gut microbiota composition, including increased abundance of Bifido-
bacterium, Dubosiella, and Lachnospiraceae.

Conclusions. Long-term synbiotic supplementation mitigates HFD-induced metabolic, neu-
robehavioral, inflammatory, and microbiota disturbances in female mice, supporting its potential 
as a therapeutic strategy targeting the microbiota–gut–liver–brain axis.
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