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There is growing evidence that the presence of a diverse gut microbiome is important for normal 
neuronal and behavioral plasticity. Maladaptive alterations of the microbiome have been 
demonstrated in neuropsychiatric conditions including substance use disorders. Recently, we 
demonstrated that microbiome knockdown alters conditioned place preference for morphine as 
well as regulation of gene expression in the nucleus accumbens (NAc). Here, we utilized a 
translationally-relevant fentanyl self-administration paradigm to test the hypothesis that depletion 
of the microbiome would lead to increased opioid intake and seeking. Adult Sprague-Dawley rats 
were randomly assigned to be treated with control water or antibiotics to knockdown the 
microbiome. Rats were trained to administer fentanyl to equal levels on an FR1 paradigm before 
testing on multiple drug seeking paradigms. Depletion of the gut microbiome with antibiotics leads 
to increased fentanyl intake on an increasing fixed ratio schedule and to higher break points on a 
progressive ratio task. Dose-response analysis demonstrates a marked left-shift in the fentanyl 
dose-response curve. We coupled these behavioral analyses with a multi-omics analyses 
approach to integrate genomic content of the microbiome, levels of bacterially produced signaling 
molecules using quantitative discovery metabolomics analysis, and proteomics analysis of the 
NAc. Microbial sequencing and metabolomics analyses identify patterns of microbial composition 
and resultant metabolites associated with increased drug intake. Proteomic analysis of the NAc 
show altered opioid receptor signaling and synaptogenesis pathways. These findings 
demonstrate clear effects of the microbiome on drug seeking and provide important foundational 
data to identify molecular mechanisms underlying these behavioral effects. 
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