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Letter to the Editor,   

Artificial Intelligence and Neurobiology: Unlocking the Microbe-Brain Interaction 

Aalae Salman Ayit* 
Department of Microbiology, Al-shomali general hospital, Babylon Health directorate, Babylon, Iraq. 

Dear Editor, 

The intricate relationship between the gut microbiome and the human brain is 

an emerging field of research, yet the mechanisms underlying microbial 

influence on neurological functions remain largely unexplored. Recent 

advances suggest that gut microbes can regulate neurotransmitter levels, 

influence neuroinflammation, and even alter behavior through the gut-brain 

axis [1,2]. However, the sheer complexity of microbial interactions with 

neural pathways necessitates a more sophisticated analytical approach. Here, I 

propose leveraging artificial intelligence (AI) to systematically decode these 

interactions, unveiling new insights into the microbial modulation of brain 

function. 

I hypothesize that AI-driven models can identify hidden patterns in 

microbiome-neurobiology interactions, revealing how microbes contribute to 

neurological health and disorders. Through deep learning and data integration 

techniques, AI can analyze large datasets comprising gut microbiome 

profiles, neurotransmitter fluctuations, and behavioral changes. These 

analyses can elucidate microbial contributions to neurodevelopmental 

conditions such as autism spectrum disorder, psychiatric disorders like 

depression and anxiety, and neurodegenerative diseases [3,4]. 

Microbiota-derived metabolites such as short-

chain fatty acids and neurotransmitter precursors 

have been implicated in modulating synaptic 

plasticity, neurogenesis, and mood regulation [5]. 

Additionally, certain bacteria can stimulate the 

vagus nerve, directly affecting brain activity [6]. 

AI can help in modeling these interactions, 

predicting microbial contributions to disease onset, 

and identifying potential probiotic-based 

interventions tailored to individual neurological 

conditions. 

To test this hypothesis, I propose utilizing machine 

learning to correlate gut microbial compositions 

with neurotransmitter fluctuations in healthy and 

diseased individuals. Applying AI to integrate 

multi-omics data (genomics, metabolomics, 

proteomics) with neural imaging and 

electrophysiological recordings could provide a 

comprehensive understanding of these 

interactions. Furthermore, using AI to identify 

microbial biomarkers that correlate with 

psychiatric or neurodegenerative conditions may 

allow for early diagnosis and intervention. 

One innovative perspective is the potential for AI 

to uncover bidirectional feedback loops between 

the gut microbiome and the brain that have yet to 

be fully understood. For instance, while it is 

known that the gut microbiome influences brain 

function, emerging evidence suggests that the 

brain may also actively shape the composition and 

activity of gut microbes through stress responses, 

dietary choices, and even cognitive processes. AI 

could model these dynamic interactions over time, 

revealing how psychological states such as chronic 

stress or mindfulness practices might alter 
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microbial communities, which in turn feed back 

into neural health. This could open new avenues 

for interventions that target both the mind and the 

microbiome simultaneously, such as combining 

cognitive behavioral therapy with microbiome-

modulating diets or probiotics. 

Another ground breaking idea is the development 

of "digital twins" for the gut-brain axis. By 

creating AI-driven virtual replicas of an 

individual’s microbiome and neural network, 

researchers could simulate how specific 

interventions—such as dietary changes, antibiotic 

treatments, or even fecal microbiota transplants—

might impact brain function. These digital twins 

could be personalized using real-time data from 

wearable devices that monitor gut health (e.g., 

smart pills) and brain activity (e.g., EEG headsets), 

enabling precision medicine approaches that are 

tailored to an individual’s unique biological and 

psychological profile. This could revolutionize the 

treatment of neurological disorders by predicting 

the most effective interventions before they are 

implemented, reducing trial and error in clinical 

practice. 

By incorporating AI into microbiome research, we 

can move beyond correlational studies toward 

mechanistic understanding, identifying precise 

microbial species or metabolites responsible for 

neurological modulation. This approach may 

revolutionize therapeutic strategies, leading to AI-

assisted personalized treatments that harness 

microbiota to enhance mental health. 

Integrating AI with neurobiology offers a 

promising avenue for deciphering the complex 

interactions between microbes and the brain. I 

encourage further interdisciplinary collaboration 

among microbiologists, neuroscientists, and AI 

researchers to explore the full potential of this 

novel approach. 
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