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The microbiota-gut-brain axis (MGBA) describes the intricate
two-way communication system connecting the central nervous
system (CNS), the enteric nervous system (ENS), and the gut
microbiota. This network involves neural, hormonal, and
immune pathways and plays a vital role in influencing brain
function, behavior, and overall well-being.

Disturbances in the microbiota-gut-brain axis have been linked
to the development of various psychiatric and neurological
conditions, including depression, anxiety, autism spectrum
disorder, Parkinson’s disease, and Alzheimer’s disease.

3.1 Pathways of Communication in the MGBA
The MGBA ismediated throughseveral overlapping mechanisms:
A. Neural Pathways

Vagus Nerve: Serving as the main parasympathetic pathway, it
carries sensory information from the gut to the brain. Stimulation
of the vagus nerve has been found to alleviate symptoms of
depression and influence neuroinflammatory processes.

Enteric Nervous System (ENS): While it operates with a degree
of independence, it also transmits sensory and motor signals via
the vagus nerve and spinal afferent pathways.

B. Endocrine Pathways

* Hypothalamic-Pituitary-Adrenal (HPA) Axis: Gut
microbiota influence the host’s stress response. Germ-free
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animals exhibit exaggerated HPA activity, which normalizes
upon microbial colonization[5].

* Enteroendocrine Cells: These specialized gut cells produce
hormones like ghrelin, peptide YY (PYY), and glucagon-like
peptide-1 (GLP-1), which affect appetite and mood.

C. Immune Pathways

Microbiota-derived metabolites (e.g.,, SCFAs, tryptophan
catabolites) shape mucosal immunity and influence systemic
inflammation. Cytokines such as IL-6 and TNF-a may cross the
blood-brain barrier (BBB) and impact brain function[6].

D. Microbial Metabolites

* Short-Chain Fatty Acids (SCFAs): Butyrate, propionate,
and acetate modulate blood-brain barrier integrity,
neurotransmitter synthesis, and inflammation[7].

Neurotransmitters and Precursors: Gut microbes produce
GABA, serotonin (via tryptophan metabolism), dopamine, and
norepinephrine, influencing behavior and mood|8]

3.2 Evidence from Animal Studies
Germ-free (GF) mice — born and raised in sterile environments
— have been central to understanding the MGBA:

* Exhibit increased anxiety-like behavior and altered
brain-derived neurotrophic factor (BDNF) levels in the
hippocampus|[9].

* Colonization with certain strains (e.g., Bifidobacterium
longum) reverses behavioral abnormalities[10].

* Transplanting microbiota from depressed humans into
GF mice induces depressive-like behaviors, suggesting
microbiome causality[11].

3.3 Human Studies and Psychiatric Relevance

*Patients with depression or anxiety often show reduced
microbial diversity and altered ratios of Firmicutes to
Bacteroidetes[12].
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*Fecal microbiota transplantation (FMT) and probiotic
interventions have shown promising results in reducing
depressive symptoms[13,14].

e Functional MRI studies reveal that probiotic
supplementation can alter brain activity in areas involved in
emotional processing[15].

3.4 Stress and the Microbiome

Chronic stress disrupts microbial composition (e.g., reduction of
Lactobacillus) and increases intestinal permeability (“leaky gut”),
which allows translocation of bacterial components such as
lipopolysaccharide (LPS) — a trigger of systemic inflammation
and neuroinflammation[16].

3.5 Neurodevelopment and the MGBA

The gut microbiome is essential for proper brain development,
especially during early life:

*Affects  myelination, microglial —maturation, and
neurogenesis[17].

*Early-life dysbiosis (e.g., due to cesarean section, antibiotic
exposure) may predispose individuals toneurodevelopmental
disorders like autism spectrum disorder (ASD)[18].
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