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The overlap consists of directionally concordant metabolite annotations from two different rodent
exposure studies. It suggests hypotheses about shared biology; it does not establish a common
stress—immune mechanism. The primary model ranks predicted microbial mediator functions
rather than demonstrating restoration of the nine annotations.
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The executed training table reports one study identifier, so the reported cross-validation is
internal. The permutation result (p = 0.137) was not definitive.
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benefit in humans.
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ldentifying Shared Metabolomic Signatures Across Alcohol and Caffeine

Abstract

Discussion

Exposure and Prioritizing Probiotic Candidates via Genome-Scale Modeling

Addiction is a chronic, relapsing disorder driven by neuroadaptations in
reward, stress, and cognitive processes. Alcohol, nicotine, caffeine, and
illicit drugs affect >270 million people globally and cost the U.S. >5400
billion annually; however, treatments remain limited, and the
mechanisms behind addiction are not well understood. An emerging
topic in addiction biology is the gut—brain axis, the bidirectional link
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ranking, Akkermansia muciniphila scored highest overall (mean 8.21; 95%
interval 3.90-13.10), and closely related B. animalis strains were the most
consistently top-ranked. Overall, this study provides a scalable pipeline
linking cross-substance metabolomic convergence to probiotic candidates
for future in vivo validation.
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Fig 1. PCA of alcohol dataset showing separation between control and alcohol-exposed samples. AUD dataset: 5,490 features; PCA partially separates control vs alcohol (PC1=42.4%, PC2=11.3%).

Fig 2. Volcano plot of alcohol differential metabolites (Welch'’s t-test), highlighting magnitude (log10FC) vs significance. Differential features: 1,919/5,490 significant (FDR<0.05); 1,646 up and 273 down.
Fig 3. Top metabolites by log2 fold change in the caffeine dataset (upregulated in red, downregulated in blue). Caffeine CISR: 405 significant fecal metabolites reported (p<0.05; FC>1.2); strong
lipid/steroid signals

mitochondrial metabolism.
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(ecological imbalance) caused by plays a role in alcohol addiction, it PathwayAnaIysis

remains unknown whether
different types of widely used
psychoactive substances (such as
alcohol and caffeine) would lead
to a common and quantifiable
metabolic disorder feature
(metabolomics feature).

exposure to substances (such as
alcohol) can exacerbate systemic
inflammation and affect the
brain's reward and stress circuits,
thereby promoting addictive
behaviors.

Materials & Methods

Fig 4. Gut enrichment overview for downregulated + upregulated metabolites in the alcohol and caffeine datasets. Corresponding metabolism pathways were found to be highly correlated with both
alcohol and caffeine intake. Downregulated: lysine degradation; cysteine and methionine metabolism; arginine and proline metabolism; and purine metabolism. Upregulated: pyrimidine metabolism;

nicotinate and nicotinamide metabolism.
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Across alcohol and caffeine-related exposures, we
identified a small panel of metabolites with
concordant directionality, implicating stress-
hormone and inflammatory lipid mediator pathways
that plausibly interface with the gut—brain axis.
Genome-scale modeling and Al-guided ranking
prioritized candidate strains—particularly
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Overlap Analysis

Fig 5. Venn diagram of shared downregulated + upregulated metabolites between alcohol and caffeine/CISR datasets. Downregulated: 3-Dehydroxycarnitine; O-Ethyl S,S-diphenyl phosphorodithioate.
Upregulated: Ricinoleic acid; Cortisone; Corchorusoside B; Postin; CE(5:0); 19-Hydroxy-PGE2; LysoPE(0:0/22:4(72,10Z,13Z,16Z))
Fig 6. Heatmap of the nine shared metabolites across alcohol control and alcohol-exposed samples.
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experiments.
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