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Abstract

The Gut Brain Axis (GBA) represents a bidirectional communication system between the gastrointestinal tract and the Central Ner-
vous System (CNS), mediated by neural, immune, endocrine, and metabolic pathways. Recent advances in neurobiology and micro-
biome science suggest that gut microbiota play a significant role in modulating brain function, behaviour, and neurodevelopment.

Dysbiosis or microbial imbalance has been associated with several neuropsychiatric and neurodegenerative disorders, including
anxiety, depression, Autism Spectrum Disorder (ASD), Alzheimer’s Disease (AD), and Parkinson’s Disease (PD). This mini-review

explores the key mechanisms underlying gut brain communication, highlights current findings linking dysbiosis to neurological

conditions, and discusses emerging therapeutic strategies targeting the microbiome.
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Introduction

The human gastrointestinal tract is inhabited by trillions of mi-
croorganisms, collectively known as the gut microbiota, which play
a pivotal role in maintaining host health. In recent years, mounting
evidence has established a complex bidirectional communication
system between the gut and the Central Nervous System (CNS),
commonly referred to as the gut brain axis. This connection is me-
diated through neural, endocrine, metabolic, and immune path-
ways and is integral to various aspects of brain function and be-
haviour. Disruptions in gut microbiota composition, also known as
dysbiosis, have been implicated in a wide range of neurological and
psychiatric disorders, including anxiety, depression, Alzheimer’s
disease, autism spectrum disorders, and Parkinson’s disease. The
precise mechanisms through which gut microbes influence neuro-
logical outcomes are still being elucidated, but emerging data sug-
gest critical roles for microbial metabolites (e.g., short-chain fatty
acids), neuroactive compounds, and modulation of the immune
system. This mini-review aims to explore recent findings on the in

fluence of gut microbiota on neurological function, focusing on both
mechanistic insights and therapeutic implications. Understanding
these pathways may open new avenues for treating neurological
disorders via microbiota-targeted interventions, such as probiotics,
dietary modifications, and microbiome engineering.

Mechanistic Pathways of the Gut Brain Axis

The Gut Brain Axis (GBA) represents a dynamic, bidirectional
communication network linking the gastrointestinal tract and the
Central Nervous System (CNS). This complex system integrates
neural, immunological, endocrine, and metabolic signals, with the
gut microbiota functioning as a central regulator. Disruption of
this homeostatic communication has been implicated in the patho-
physiology of various neuropsychiatric and neurodegenerative dis-
orders. This section delineates the primary mechanisms through
which the gut microbiota influences neurological function.
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Neural Pathways and the Vagus Nerve

One of the most direct communication routes between the gut
and the brain is through the vagus nerve, which innervates the
gastrointestinal tract and transmits afferent sensory signals to
the brainstem. The Enteric Nervous System (ENS), often referred
to as the “second brain,” contains approximately 100 million neu-
rons and operates semi-autonomously while remaining in constant
communication with the CNS via the vagal and spinal pathways. Mi-
crobial-derived neuroactive compounds, including Gamma-Amino-
butyric Acid (GABA), serotonin, and acetylcholine, modulate vagal
tone and neuronal excitability. Experimental studies demonstrate
that administration of Lactobacillus rhamnoses in rodents modu-
lates GABA receptor expression in specific brain regions, a process
that is abolished following vagotomy [1]. This evidence under-
scores the essential role of the vagus nerve in mediating microbial
effects on the brain.

Immune System Regulation and Neuroinflammation

The gut microbiota significantly influences the host immune
system, particularly through the modulation of intestinal epithelial
cells and mucosal immune responses. Dysbiosis is often associated
with systemic low-grade inflammation and disruption of the Blood
Brain Barrier (BBB), enabling peripheral immune mediators to ac-
cess the CNS and contribute to neuroinflammation.

Microglial activation, a hallmark of neuroinflammatory pro-
cesses, is sensitive to changes in gut microbiota composition. Pe-
ripheral cytokines such as interleukin-6 (IL-6) and Tumor Necrosis
Factor-Alpha (TNF-a) can infiltrate the brain and activate glial cells,
thereby contributing to neurodegeneration and behavioral chang-
es. O'Riordan, et al,, (2025) [2] demonstrated that restoration of gut
microbial balance attenuated inflammatory responses in murine
models of anxiety-like behaviour, highlighting the immunomodula-
tory role of gut bacteria in CNS function.

Metabolic Signaling Via Microbial Metabolites

Gut microbiota produces a wide array of bioactive metabo-
lites that influence neurophysiology. Among the most studied are
Short-Chain Fatty Acids (SCFAs), such as acetate, propionate, and
butyrate. These molecules are produced through the fermentation
of dietary fibers and can cross the BBB to exert direct effects on
microglial maturation, neuroinflammation, and the expression of
neurotrophic factors, such as Brain-Derived Neurotrophic Factor
(BDNF). In addition to SCFAs, certain microbial strains synthesize
neurotransmitter analogs e.g., serotonin and dopamine precursors
which modulate mood and cognition. Dinan and Cryan, et al.,, (2017)
[3] highlighted how SCFA administration leads to enhanced hippo-
campal plasticity and anxiolytic behaviours in preclinical models,
underscoring the therapeutic potential of targeting microbial met-
abolic pathways.

Neuroendocrine Modulation and HPA Axis Interactions

The Hypothalamic Pituitary Adrenal (HPA) axis is central to the
body’s stress response. Gut microbiota influences the development
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and regulation of this axis, particularly during early life. Germ-free
animal studies have shown exaggerated HPA axis responses to
stress, which can be normalized through colonization with specific
microbial strains. Microbial regulation of the HPA axis involves both
direct signalling through microbial metabolites and indirect modu-
lation via the immune system. Increased cortisol levels associated
with dysbiosis have been linked to heightened anxiety and cogni-
tive dysfunction, indicating that microbiota play a significant role in
stress-related neurobiology.

Gut Microbiota and Neurological Disorders

The integrity of the gut microbiota is critical for maintaining
neurophysiological balance. Alterations in microbial composition
whether due to antibiotics, diet, infections, or genetics have been
linked to a variety of neurological and neuropsychiatric disorders.
These include mood disorders, neurodegenerative diseases, and
neurodevelopmental conditions. In this section, we summarize
emerging evidence connecting gut microbial dysbiosis to specific
neurological pathologies.

Anxiety and Depression

An accumulating body of clinical and preclinical research has
associated altered gut microbial diversity with the pathogenesis of
mood disorders. Patients with Major Depressive Disorder (MDD)
frequently exhibit reductions in beneficial bacterial genera such
as Bifidobacterium and Lactobacillus, coupled with an increase in
pro-inflammatory taxa. These microbial shifts may promote sys-
temic inflammation, compromise Blood Brain Barrier (BBB) in-
tegrity, and lead to dysregulated neurotransmission. Ferrari, et al,
(2024) [4] conducted a systematic review examining the efficacy
of probiotic supplementation in anxiety and depression. They re-
ported significant reductions in depressive symptoms among par-
ticipants receiving multi-strain probiotic formulations, indicating a
potential therapeutic avenue via microbial modulation.

Alzheimer’s Disease and Cognitive Decline

The microbiota gut brain axis is increasingly implicated in the
etiology of Alzheimer’s Disease (AD), primarily through its role in
neuroinflammation and metabolic regulation. Dysbiosis-induced
inflammation has been shown to impair Amyloid-Beta (Af) clear-
ance, disrupt mitochondrial function, and compromise synaptic in-
tegrity. Furthermore, gut microbiota influences the production of
amyloidogenic peptides and modulate levels of acetylcholine and
other cognition-related neurotransmitters. Forlenza, et al, (2018)
[5] provided evidence that Fecal Microbiota Transplantation (FMT)
from young to aged mice improved cognitive performance, poten-
tially via modulation of microglial activation and reduction of neu-
rotoxic metabolites.

Autism Spectrum Disorder (ASD)

Autism Spectrum Disorder (ASD) is characterized by impaired
social communication and repetitive behaviours. Children with ASD
frequently present with gastrointestinal symptoms and altered gut
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microbiota profiles, including decreased Bacteroides and increased
Clostridia species. These alterations correlate with elevated levels
of propionic acid and p-cresol microbial metabolites known to af-
fect brain function. A review by Naufel, et al, (2023) [6] highlight-
ed how early-life disruptions in microbial colonization may impair
neuronal development and synaptic signalling, providing a micro-
bial hypothesis for the neurodevelopmental anomalies observed in
ASD.

Parkinson’s Disease

Gastrointestinal symptoms often precede the motor manifesta-
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tions of Parkinson’s Disease (PD), suggesting a potential peripheral
origin. Alpha-synuclein, a key pathological hallmark of PD, has been
found in enteric neurons before its appearance in the brain. Gut
microbiota may exacerbate PD pathology by modulating intestinal
permeability and promoting the translocation of pro-inflammatory
molecules. A 2021 study by Bhuiyan, et al, [7] proposed a mech-
anistic model wherein dysbiosis-induced inflammation triggers
alpha-synuclein aggregation in the gut, which subsequently prop-
agates to the brain via the vagus nerve (Table 1).

Table 1: Summarizes key neurological conditions linked to microbial dysbiosis and highlights relevant pathways and interventions.

Disorder Microbial Alterations

Key Mechanisms Therapeutic Approach

| Lactobacillus,
Anxiety/Depression
T Bacteroides

HPA axis dysregulation, SCFAs,

) Probiotics, diet
cytokines

| Diversity,
Alzheimer’s Disease
T pro-inflammatory taxa

A deposition, oxidative stress FMT, prebiotics

1T Clostridia,

Autism Spectrum Disorder

| Bacteroides

Neurotoxins (e.g., propionic
acid), inflammation

Microbiota modulation

Parkinson'’s Disease

T Enterobacteriaceae

a-synuclein aggregation,

Dietary fiber, vagus stimulation

neuroinflammation

Therapeutic Implications of Gut Microbiota
Modulation in Neurology

The understanding that gut microbiota profoundly influence
brain function has spurred the development of microbiota-target-
ed therapeutic interventions for neurological disorders. Strategies
include the administration of probiotics, prebiotics, psychobiotics,
dietary modulation, and more recently, synthetic biology and Fe-
cal Microbiota Transplantation (FMT). These approaches aim to
restore microbial homeostasis, reduce neuroinflammation, and en-
hance neurochemical balance.

Probiotics and Psychobiotics

Probiotics live microorganisms that confer health benefits
when administered in adequate amounts are increasingly recog-
nized for their ability to influence mental and cognitive states. Spe-
cific strains, known as psychobiotics, exhibit neuroactive properties
through their capacity to modulate neurotransmitter levels, reduce
systemic inflammation, and improve barrier functions. A system-
atic review by Ana Maria and Vodnar, et al,, (2024) [8] emphasized
that psychobiotic strains such as Lactobacillus rhamnosus and Bi-
fidobacterium longum demonstrated anxiolytic and antidepressant
effects in both preclinical and clinical trials. These effects were at-
tributed to increased GABA receptor expression and reduced HPA
axis hyperactivity.

Dietary Interventions

Diet plays a critical role in shaping the gut microbiota, influenc-
ing both microbial diversity and metabolite production. Prebiotic

fibers such as inulin, Galacto-Oligosaccharides (GOS), and resistant
starches stimulate the growth of beneficial bacteria that produce
Short-Chain Fatty Acids (SCFAs) key modulators of neuroinflamma-
tion and blood brain barrier integrity.

Savardashtaki, et al, (2024) [9] reported that phytochemicals,
particularly polyphenols from fruits, vegetables, and herbs, inter-
act with gut bacteria to enhance the synthesis of anti-inflammatory
metabolites. Diets rich in polyphenols have been associated with
reduced cognitive decline in aging populations and improved mood
regulation in clinical cohorts.

Synthetic Biology and Engineered Probiotics

Recent advances in synthetic biology have led to the engineer-
ing of probiotics that can sense environmental cues in the gut and
release therapeutic molecules in response. These “smart probiot-
ics” offer promise in neurology by delivering neurotrophic factors,
anti-inflammatory agents, or neurotransmitter precursors with
precision. Cesaro, et al, (2025) [10] explored engineered E. coli
strains that modulate behavior in murine models by producing
GABA analogs or BDNF mimetics, suggesting a potential role for
programmable microbes in the treatment of anxiety and neurode-
generation.

Fecal Microbiota Transplantation (FMT)

FMT involves the transfer of fecal material from a healthy do-
nor to a recipient to restore microbial balance. Though tradition-
ally used for treating Clostridioides difficile infection, recent ap-
plications in neurology show promising results. Preclinical studies
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demonstrate improved cognitive function, reduced neuroinflam-
mation, and reversal of age-related decline following FMT. Bruce-
Keller, et al, (2018) [11] reported that microbiota transfer from
young to aged mice enhanced synaptic plasticity and reduced oxi-
dative stress, highlighting the rejuvenating potential of FMT in neu-
rodegenerative models.

Future Innovations

The emergence of microbiome-based biomarkers, microbial
gene editing, and personalized nutrition algorithms opens new
frontiers in the prevention and management of neurological diseas-
es. Integration of microbiome profiling into clinical practice could
enable individualized interventions tailored to a patient’s unique
microbial signature. Additionally, the development of organ-on-
chip models mimicking the gut brain axis provides a scalable plat-
form to test microbial therapies and explore mechanistic pathways
under controlled conditions.

Conclusion

The gut brain axis is a critical interface through which the gut
microbiota influences the brain and behaviour. Disruptions in mi-
crobial communities are increasingly recognized as contributing
factors in a wide range of neurological and psychiatric disorders.
Therapies aimed at restoring microbial balance, whether through
probiotics, diet, or engineered interventions, hold considerable
promise. Continued investigation is necessary to translate these
findings into clinically applicable tools and interventions.
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