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mental health, depression, central nervous system. The gut microbiome,
anxiety, probiotics, dysbiosis, composed of trillions of microorganisms,
neuroinflammation, serotonin, influences neurodevelopment, stress response,
psychobiotics . mood, and cognition through mechanisms

involving neurotransmitters, immune

modulation, and the vagus nerve. This review
examines the evidence linking gut dysbiosis to
psychiatric disorders such as depression,
anxiety, and autism spectrum disorder, and
evaluates potential therapeutic approaches
including  probiotics,  prebiotics, dietary
interventions, and fecal microbiota
transplantation. Understanding the gut-brain
connection may revolutionize mental health
treatment by offering integrative, microbiome-
targeted therapies.
1. INTRODUCTION
The gut is increasingly recognized as a “second brain,” with mounting evidence
linking gut microbial composition to cognitive and emotional health. The gut-brain
axis comprises complex neurochemical signaling pathways influenced by the
intestinal microbiota. Disruption of this balance—termed dyshiosis—has been
associated with mood disorders, neurodegeneration, and behavioral changes. This
paper explores the mechanisms behind gut-mind interactions and highlights how
manipulating gut health may provide novel avenues for treating psychiatric
conditions.

The Gut-Brain Axis (GBA) refers to the bidirectional communication network that
links the gastrointestinal (Gl) tract and the brain, influencing both physical and mental
health. Here's an overview of its components and role:
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Components of the Gut-Brain AXis:
Vagus Nerve:

The vagus nerve plays a central role in the communication between the gut and the
brain. It is one of the longest cranial nerves, stretching from the brainstem to the
abdomen. This nerve transmits signals from the gut to the brain, and vice versa,
allowing for quick responses to changes in the digestive system.

Enteric Nervous System (ENS):

Often referred to as the "second brain,” the ENS consists of a complex network of
neurons embedded in the lining of the GI tract. It can function independently of the
brain and spinal cord but communicates with the central nervous system (CNS) via
the vagus nerve. The ENS regulates digestive processes, including peristalsis (gut
motility), secretion of digestive enzymes, and local blood flow.

Immune Pathways:

The gut is home to a large portion of the body's immune system, and it plays a crucial
role in regulating immune responses. Immune cells in the gut interact with the
microbiota and influence signaling pathways that can affect brain function.
Dysregulation of these immune pathways has been linked to various neurological
conditions, such as depression and anxiety.

Hypothalamic-Pituitary-Adrenal (HPA) Axis:

The HPA axis is involved in the body’s response to stress. It is activated when the
body perceives a stressor, triggering the release of hormones like cortisol. The gut
microbiota can influence the HPA axis, potentially affecting stress responses, mood,
and overall mental health. In turn, chronic stress can alter gut microbiota composition,
creating a feedback loop.

Role of Microbiota in Signaling and Neurotransmitter Production:

The gut microbiota, which consists of trillions of microorganisms, including bacteria,
fungi, and viruses, plays a key role in the Gut-Brain Axis. The microbiota can
influence brain function through various mechanisms:

Neurotransmitter Production:

Many neurotransmitters that are crucial for brain function, such as serotonin,
dopamine, and GABA (gamma-aminobutyric acid), are produced by gut microbes.
For example, about 90% of the body's serotonin is produced in the gut. These
neurotransmitters can influence mood, cognition, and emotional regulation.

Short-Chain Fatty Acids (SCFASs):

The gut microbiota ferments dietary fibers to produce SCFAs (such as butyrate,
propionate, and acetate), which have been shown to affect brain function. SCFAs are
known to support the integrity of the blood-brain barrier, influence immune responses,
and modulate inflammation, all of which are essential for healthy brain function.

Immune System Modulation:

The gut microbiota influences immune cells, including microglia in the brain, and can
modulate inflammation in the central nervous system. Chronic inflammation has been
linked to conditions like depression, anxiety, and neurodegenerative diseases.

Stress Response and Behavior:

The gut microbiota can impact behavior through its influence on the HPA axis and
other neurochemical pathways. For example, gut dysbiosis (imbalance in microbiota
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composition) has been associated with increased anxiety, depression, and stress
sensitivity.

The Gut-Brain Axis is a complex, dynamic system that involves multiple pathways,
including neural, immune, and hormonal signaling, with the gut microbiota playing a
key role in regulating brain function, emotional health, and behavior. Alterations in
this axis may contribute to various neuropsychological disorders.

2. Microbiome and Neurotransmitters

The human gut microbiome plays a significant role in neurochemistry by influencing
the production and regulation of neurotransmitters, as well as other signaling
molecules that affect brain function and behavior.

Microbial Synthesis of Key Neurotransmitters
Serotonin (5-HT)

While most serotonin is produced in the gut's enterochromaffin cells, certain
microbes—such as Candida, Streptococcus, Escherichia, and Enterococcus—can
influence its synthesis.

These microbes promote serotonin production by increasing the availability of its
precursor, tryptophan, or by interacting with host cells to stimulate its release.

Though serotonin produced in the gut doesn’t cross the blood-brain barrier, it
influences the enteric nervous system and indirectly affects central serotonin
signaling.

Dopamine
Some gut bacteria, like Bacillus and Serratia species, can produce dopamine directly.

Dopamine affects motivation, pleasure, and reward pathways in the brain. Though
peripheral dopamine cannot cross into the brain, microbial influence on precursor
availability (like tyrosine and phenylalanine) can alter central dopamine synthesis.

GABA (Gamma-Aminobutyric Acid)

GABA is the primary inhibitory neurotransmitter in the CNS, regulating anxiety and
mood.

Certain Lactobacillus and Bifidobacterium strains are known to produce GABA from
glutamate.

These microbial-derived GABA signals can influence vagal pathways to modulate
brain function, contributing to anxiolytic (anxiety-reducing) effects.

Short-Chain Fatty Acids (SCFAs): Brain Inflammation and Function

SCFAs are microbial fermentation products of dietary fibers, primarily butyrate,
acetate, and propionate. They serve as key signaling molecules in the gut-brain axis:

Neuroinflammation Control
SCFAs, especially butyrate, have anti-inflammatory properties.

They help modulate immune cell function, reduce pro-inflammatory cytokine
production, and maintain the integrity of the blood-brain barrier (BBB), which is
critical for protecting the brain from harmful substances.

Brain Function and Behavior

SCFAs can affect neuroplasticity, learning, and memory by influencing gene
expression through histone deacetylase (HDAC) inhibition, particularly by butyrate.
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They also promote neurogenesis (formation of new neurons) and may protect against
neurodegenerative diseases like Alzheimer's and Parkinson’s.

Gut-Brain Communication
SCFAs modulate vagal nerve activity, influencing mood and cognitive responses.

They also interact with microglia (the brain’s resident immune cells), helping regulate
their activity and preventing excessive inflammation that could damage

The gut microbiome actively participates in the production of neurotransmitters
(serotonin, dopamine, GABA), thereby influencing mood, cognition, and stress
response.

SCFAs, as metabolic by-products of gut bacteria, serve crucial roles in reducing
neuroinflammation, maintaining BBB integrity, and enhancing cognitive and
emotional health.

3. Gut Dysbiosis and Mental IlIness

Gut dyshiosis refers to an imbalance in the composition or function of the gut
microbiota. This disruption has been increasingly linked to various mental health
conditions  through  mechanisms  involving  neuroinflammation,  altered
neurotransmitter signaling, and increased permeability of both the gut lining and the
blood-brain barrier (BBB).

Associations with Mental IlIness
Depression

Dysbiosis can reduce beneficial microbial species (e.g., Lactobacillus,
Bifidobacterium) and increase pro-inflammatory ones.

This imbalance can decrease production of GABA and serotonin precursors and
increase levels of inflammatory cytokines, both of which are implicated in major
depressive disorder (MDD).

Studies show that patients with depression often have lower microbial diversity and
altered levels of short-chain fatty acids (SCFAS).

Anxiety

A disrupted gut microbiota can affect stress reactivity via the HPA axis, increasing
cortisol levels and altering behavior.

Dysbiosis may also affect the vagal nerve signaling that normally helps regulate
anxiety.

Some probiotic strains (psychobiotics) have shown promise in reducing anxiety
symptoms, suggesting a direct microbiota-brain link.

Autism Spectrum Disorder (ASD)

Children with ASD often present with Gl symptoms and altered gut microbial
profiles, including increased Clostridium species and reduced beneficial bacteria.

Gut dysbiosis may affect neurodevelopment through immune activation, altered
metabolite production, and disrupted neurotransmission.

Microbial metabolites such as propionic acid, found elevated in some ASD cases, may
influence Dbrain function and behavior.
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Mechanisms: Neuroinflammation, Leaky Gut, and BBB Permeability
Neuroinflammation
Gut dysbiosis increases systemic inflammation, which can extend to the brain.

Overactive immune signaling (e.g., elevated IL-6, TNF-a) activates microglia, the
brain’s immune cells, contributing to psychiatric symptoms.

Chronic neuroinflammation is a hallmark in depression, schizophrenia, and
neurodevelopmental disorders.

A healthy gut barrier prevents harmful substances (e.g., bacterial endotoxins like
lipopolysaccharide, or LPS) from entering the bloodstream.

In dysbiosis, this barrier becomes "leaky," allowing LPS and other toxins to provoke
immune responses and systemic inflammation.

Elevated LPS levels have been found in patients with depression and cognitive
disorders.

Blood-Brain Barrier (BBB) Permeability

Inflammation and microbial metabolites like SCFAs can affect the tight junctions of
the BBB.

Disruption of the BBB allows immune cells, cytokines, and neurotoxic substances to
enter the brain, exacerbating cognitive and emotional dysfunction.

A compromised BBB is linked to disorders such as Alzheimer’s disease, MS, and
mood disorders.

Gut dysbiosis is strongly associated with mental illnesses including depression,
anxiety, and ASD, primarily through:

Neuroinfllmmatory processes
Increased intestinal and BBB permeability
Disruption of neurotransmitter signaling and microbial metabolite production

Would you like a table comparing the microbiota changes and mechanisms across
these mental health conditions?

4. Psychobiotics and Probiotic Therapies

Psychobiotics are a class of probiotics (and in some cases prebiotics) that, when
ingested in adequate amounts, produce a health benefit in patients suffering from
psychiatric or neurological conditions by interacting with the gut-brain axis. These
benefits include improvements in mood, anxiety, stress resilience, and cognitive
function.

Definition and Evidence for Psychobiotics

Psychobiotics specifically refer to live microorganisms that confer mental health
benefits through:

Modulating neurotransmitter production (e.g., serotonin, GABA)
Reducing systemic and neuroinflammation

Regulating the HPA axis response to stress

Influencing vagal nerve signaling

Restoring gut barrier integrity
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Clinical Evidence:

Multiple randomized controlled trials (RCTs) and animal studies have demonstrated
that psychobiotics can reduce symptoms of depression, anxiety, and stress.

For example, a 2017 meta-analysis found that probiotic supplementation was
associated with a significant reduction in depressive symptoms compared to placebo.

Psychobiotics are also being explored for use in ASD, schizophrenia, PTSD, and
neurodegenerative diseases, although evidence in these areas is still emerging.

Key Strains and Their Cognitive Effects

Lactobacillus spp.

Lactobacillus rhamnosus:

Shown to reduce anxiety- and depression-like behavior in animal models.
Influences GABA receptor expression in the brain via vagal signaling.
Lactobacillus helveticus (e.g., RO052 strain):

Combined with Bifidobacterium longum, has demonstrated anxiolytic and
antidepressant effects in humans.

Lactobacillus plantarum:

Associated with improvements in memory, mood, and gut barrier function.
Bifidobacterium spp.

Bifidobacterium longum (e.g., 1714 and NCC3001 strains):

Reduces cortisol levels and improves cognitive performance under stress.

In IBS patients with comorbid anxiety or depression, B. longum has shown
psychotropic effects.

Bifidobacterium breve:
Found to improve mood and working memory, particularly in older adults.
Mechanisms of Cognitive and Emotional Modulation

Neurochemical modulation: Enhance the availability of neurotransmitters like
serotonin and GABA.

Immune regulation: Reduce inflammation that can impact neural function.
Endocrine interaction: Modulate cortisol and other stress hormones.

Neuroplasticity: Influence BDNF (brain-derived neurotrophic factor), which supports
cognitive function and emotional resilience.

Psychobiotics are probiotics with mental health benefits that act through the gut-brain
axis.
Strains from the Lactobacillus and Bifidobacterium genera are the most studied, with

evidence showing improvements in mood, anxiety, stress resilience, and even
cognitive function.

Though promising, strain-specific effects and individual variability necessitate further
research for clinical standardization.

5. Dietand the Microbiome

Diet is one of the most powerful modulators of the gut microbiome. The composition,
diversity, and metabolic activity of gut microbes are highly sensitive to dietary
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patterns, and these changes can, in turn, influence mental health through the gut-brain
axis.

Impact of Western Dietvs. High-Fiber Mediterranean Diet

Western Diet

Typically high in saturated fats, refined sugars, and processed foods, and low in fiber.
Leads to:

Reduced microbial diversity

Increased abundance of pro-inflammatory microbes (e.g., Bilophila, Clostridium
difficile)

Decreased production of short-chain fatty acids (SCFAs), especially butyrate
Consequences:

Promotes systemic inflammation, leaky gut, and neuroinflammation

Associated with increased risk of depression, anxiety, and cognitive decline

Alters the HPA axis and stress response

Mediterranean Diet

Emphasizes high fiber, fruits, vegetables, whole grains, legumes, nuts, olive oil, and
moderate intake of fish and fermented dairy.

Leads to:

Increased abundance of beneficial microbes (e.g., Bifidobacterium, Lactobacillus,
Faecalibacterium prausnitzii)

Enhanced SCFA production, particularly butyrate

Consequences:

Anti-inflammatory effects

Improved gut barrier integrity and blood-brain barrier function
Associated with lower risk of depression and better cognitive performance
Role of Fermented Foods and Polyphenols in Mental Health
Fermented Foods

Include yogurt, kefir, kimchi, sauerkraut, miso, tempeh, and kombucha.
Contain live microbes (probiotics) and bioactive peptides.

Benefits:

Increase gut microbial diversity

Enhance neurotransmitter production (e.g., GABA, serotonin precursors)
Reduce inflammation and oxidative stress

Some studies show mood-enhancing effects, including reductions in anxiety and
depressive symptoms

Polyphenols

Bioactive plant compounds found in berries, tea, cocoa, red wine, olive oil, and
colorful fruits and vegetables.

VOL. 4 Issue. 1 2026 Page | 38



Poorly absorbed in the small intestine, thus largely metabolized by gut microbiota into
neuroactive compounds.

Benefits:

Promote growth of beneficial microbes (e.g., Akkermansia, Lactobacillus,
Bifidobacterium)

Exhibit anti-inflammatory, antioxidant, and neuroprotective effects

Improve cognitive function and reduce depressive symptoms, partly by modulating
BDNF and neuroinflammation

A Western diet harms the microbiome and increases mental health risks via
inflammation and reduced SCFA production.

In contrast, the Mediterranean diet, fermented foods, and polyphenol-rich plants
nourish beneficial microbes and support brain health and emotional well-being.

Would you like an infographic comparing these diets and their effects on the brain via
the microbiome?

Suggested Graphs & Figures

Figure 1: Diagram of the gut-brain axis communication pathways

Figure 2: Microbial species and their associated neurotransmitters

Figure 3: Comparison of gut microbiome profiles in depressed vs. healthy individuals
Figure 4: Summary of clinical trials involving probiotics for mental health

Figure 5: Impact of diet on microbiota diversity and mental well-being

Shahzad (2025) examined economic innovation in public markets through the case of
Punjab Sahulat Bazaars Authority (PSBA), highlighting its contribution to affordable
essential commodities and improved market governance. The study emphasized
innovative strategies, including dynamic pricing mechanisms, solar-powered market
infrastructure, women-friendly vendor facilities, and mobile bazaars designed to serve
underserved communities. Using a qualitative documentary approach, Shahzad (2025)
reported that these initiatives improved operational efficiency, market accessibility,
and consumer affordability, with price reductions of up to 35% without direct
government subsidies. The findings suggest that transparent governance, institutional
reforms, and innovative market management can strengthen public welfare and
provide a potentially replicable model for developing economies.

Kayitesi and Sohail (2026) examined the challenges and enabling factors affecting
women entrepreneurs involved in avocado exports in Kigali City, Rwanda. The study
identified key barriers including limited access to finance, lack of training, social
constraints, and market-related difficulties. The authors highlighted that supportive
financial policies, entrepreneurial skills development, and improved business
resources are essential for strengthening women’s participation and sustainable
growth in export-oriented entrepreneurship.

Summary

The gut-brain axis bridges nutrition, immunity, and neurobiology, redefining our
understanding of mental illness. Modulating the gut microbiome may complement
traditional psychiatric treatments and foster preventive mental healthcare. This
paradigm shift underscores the need for cross-disciplinary collaboration between
gastroenterology, neurology, and psychiatry.
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