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Abstract: The gut microbiota plays an impottant role in maintaining neurological and mental health through the gut-brain axis.
Microbial dysbiosis is regarded as a significant factor in the pathogenesis of neurological and psychiatric disorders, necessitating
a thorough study of these connections. A systematic search of PubMed and ScienceDirect databases was conducted for articles
published between 2015 and March 2025. This review focused on studies investigating gut-brain axis involvement in neurological
and psychiatric disorders, particulatly examining immune modulation, neurotransmitter regulation, and inflammatory pathways.
Significant alterations in gut microbiota composition were obsetved across multiple disorders. Parkinson's disease patients
showed decreased Lactobacillus and Bacteroides levels, while Alzheimer's disease patients exhibited reduced microbial diversity
and diminished short-chain fatty acid production. Major depressive disorder was characterized by increased Firmicutes-to-
Bacteroidetes ratio and altered tryptophan metabolism. Social anxiety disorder showed correlations with specific microbial
patterns, particularly reduced Lactobacillus abundance. These alterations were linked to increased inflaimmatory markers,
distrupted neurotransmitter synthesis, and compromised blood-brain barrier integrity. The evidence establishes strong
mechanistic links between gut microbiota alterations and neurological/psychiatric pathologies. Therapeutic interventions
targeting the gut microbiome show promise, though more clinical trials are needed to establish optimal treatment protocols.
Clinical studies should focus on developing personalized microbiome-based therapies and validating their long-term efficacy
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1. Introduction

The relationship between gastrointestinal health and neurological function has attracted significant attention in recent decades. A
communication network linking the enteric and central nervous systems through neural, endocrine, and immune pathways is
explained by the gut-brain axis (GBA) [1]. The human gut harbors approximately 100 trillion microorganisms, collectively termed
the gut microbiota, which produce numerous metabolites and neuroactive compounds that influence brain function and behavior
[2]. Recent advancements in microbiome research have revealed that alterations in gut microbial communities correlate strongly
with various neurological and psychiatric conditions. These findings have patticular relevance for disorders such as Parkinson's
disease (PD), where gastrointestinal symptoms often precede motor manifestations by several years [3]. Similarly, studies in
Alzheimer's disease (AD) have demonstrated significant associations between gut dysbiosis and cognitive decline, suggesting
potential mechanistic links between intestinal microbiota and neurodegeneration [4].

The influence of gut microbiota extends beyond neurodegenerative conditions to psychiatric disorders. Patients with major
depressive disorder (MDD) exhibit distinct microbial signatures characterized by reduced diversity and altered metabolite profiles
[5]- Social anxiety disorder (SAD) has also been linked to specific changes in gut microbial composition, particularly involving species
that modulate neurotransmitter production [6]. Several key mechanisms mediate these gut-brain interactions. The vagus nerve
provides direct neural communication between the gut and brain, while the immune system serves as an indirect pathway through
which gut microbiota influence neurological function [7]. Additionally, microbial metabolites, particularly short-chain fatty acids
(SCFAs), cross the blood-brain barrier and directly affect brain physiology [8].
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Despite these advances, significant knowledge gaps persist regarding the precise mechanisms through which gut microbiota
influence neurological and psychiatric conditions. Most current evidence derives from preclinical models, with limited validation in
human populations [9]. Moreover, while microbiota-targeted therapies show promise, their clinical efficacy requires more stringent
evaluation through controlled trials [10]. This review presents current evidence on gut-brain axis involvement in neurological and
psychiatric disorders, analyzing mechanistic pathways and therapeutic implications. The analysis encompasses research from 2015
to 2025, focusing on immune modulation, neurotransmitter regulation, and inflammatory processes that link gut microbiota to brain
function.
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Figure 1. Gut-Brain Axis Communication

2. Methodology
2.1. Search Strategy

A systematic literature search was conducted using multiple comprehensive databases including PubMed, ScienceDirect, Web of
Science, and Scopus to identify relevant publications between January 2015 and March 2025. The search strategy involved a
combination of catrefully selected terms to ensure thorough coverage of the topic [8]. Primary search terms focused on fundamental
concepts including "gut microbiota," "gut-brain axis," and "microbiome." These were systematically combined with disease-specific
terms encompassing both neurological and psychiatric conditions, such as "neurological disorders," "psychiatric disorders,"
"Parkinson's," "Alzheimer's," "depression," "anxiety," "autism," and "schizophrenia." Additionally, mechanism-specific terms were
incorporated to capture relevant pathophysiological processes, including "inflammation," "immune system," "neurotransmitters,"
and "batrier function.”

2.2. Inclusion Criteria

The review implemented stringent inclusion criteria to ensure high-quality evidence synthesis. Selected publications comprised
original research articles and systematic reviews that provided substantial empirical evidence. Both human studies and relevant
animal models were considered to capture the full spectrum of experimental evidence. The analysis was restricted to English
language publications to maintain consistency in interpretation. Only studies with clearly defined methodology and outcomes were
included to ensure reproducibility and validity of findings. For clinical studies, a minimum sample size of 30 participants was
established as a threshold to ensure adequate statistical power and reliability of results [9].

2.3. Exclusion Criteria

To maintain the robustness of the analysis, several types of publications were systematically excluded. Case reports and small case
series were omitted due to their limited generalizability and potential for bias. Conference abstracts were excluded as they typically
lack detailed methodological information and comprehensive results. Studies without peer review were not considered to ensure
quality control in the evidence base. Additionally, publications lacking clear methodological descriptions were excluded to maintain
transparency and reproducibility of findings [8, 9].

Vivian Ukamaka Nwokedi et al 403



Journal of Pharma Insights and Research, 2025, 03(03), 402-409

2.4. Study Selection

The systematic search process initially identified 3,847 articles across all databases. Following a rigorous screening process that
involved removing duplicate entries and applying the predetermined inclusion and exclusion criteria, 892 articles were selected for
comprehensive full-text review. The quality assessment of included studies followed standardized evaluation protocols using
multiple validated assessment tools. Systematic reviews were evaluated using PRISMA guidelines, ensuring comprehensive reporting
of search methodology, study selection, and data synthesis. Observational studies underwent assessment using the Newcastle-
Ottawa Scale, which evaluated the selection of study groups, comparability of cohorts, and outcome assessment. For randomized
controlled trials, the Jadad scale was employed to assess randomization, blinding, and participant withdrawal reporting. Animal
studies were evaluated using SYRCLE's risk of bias tool, which specifically addresses methodological quality in preclinical animal
studies [10, 11].

3. Literature Review

The human gut microbiota consists of various microbial communities dominated by Firmicutes and Bacteroidetes phyla, with
smaller populations of Actinobacteria, Proteobacteria, and Verrucomicrobia [11]. In healthy individuals, these communities maintain
a delicate balance, contributing to metabolic homeostasis and immune system regulation [12]. Recent metabolomic analyses have
identified over 200 unique microbial-derived compounds that influence host physiology, including neurotransmitter precursors and
immune modulators [13].

3.1. Neurological Disorders

3.1.1. Parkinson's Disease

Analysis of microbiota composition in Parkinson's disease patients revealed significant alterations in key bacterial populations. Most
notably, a substantial 47% reduction in Prevotellaceae abundance was observed (p < 0.001), accompanied by a marked 3.6-fold
increase in Enterobacteriaceae levels (95% CI: 2.8-4.4) [14]. These findings were further substantiated by a comprehensive meta-
analysis encompassing 12 studies with a total sample size of 1,284 participants, which demonstrated consistent microbiota alterations
across different populations (pooled effect size = 0.68, p < 0.001) [15]. The consistency of these findings across multiple studies
strengthens the evidence for specific microbial signatures associated with Parkinson's disease

3.1.2. Alzbeimer's Disease

Microbiome analyses in Alzheimer's disease patients demonstrated significant disruptions in microbial ecosystems. A pronounced
38% decrease in overall microbial diversity was observed, as measured by the Shannon diversity index [16]. This was accompanied
by a substantial 2.5-fold reduction in bacteria capable of producing butyrate, a crucial metabolite for maintaining neurological health.
A meta-analysis incorporating data from 8 studies, involving 964 participants, established a significant correlation between reduced
microbial diversity and cognitive decline (r = -0.64, p < 0.001) [17, 18].

Table 1. Major Alterations in Gut Microbiota Composition Across Neurological and Psychiatric Disorders

Disorder Increased Abundance Decreased Metabolic Changes Clinical
Abundance Correlations

Patkinson's Enterobacteriaceae, Prevotellaceae, | SCFA production, 1 Pro- | Motor symptom

Disease Proteobacteria Lactobacillaceae inflammatory metabolites severity

Alzheimet's Bacteroidetes Firmicutes, | Butyrate, 1  Amyloid- | Cognitive decline

Disease Actinobacteria producing peptides rates

Major Firmicutes Bacteroidetes, | Tryptophan metabolism, | | Depression

Depression Bifidobacterium GABA production severity

Social Anxiety | Proteobacteria Lactobacillus, | Serotonin precursors Anxiety scores
Bifidobacterium

3.2. Psychiatric Disorders

3.2.1. Major Depressive Disorder

Patients with major depressive disorder exhibited distinct alterations in their gut microbiota composition. Analysis revealed a
substantial 2.3-fold increase in the Firmicutes-to-Bacteroidetes ratio, indicating a significant shift in the major bacterial phyla [19,
20]. Additionally, a marked 56% reduction in Lactobacillus species was observed, potentially affecting neurotransmitter production
and immune regulation. These findings were corroborated by a comprehensive meta-analysis of 15 studies, encompassing 1,856
patticipants, which demonstrated a strong association between microbial alterations and depression severity (Cohen's d = 0.82). The
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consistency and magnitude of these associations suggest a significant role for gut microbiota in the pathophysiology of major
depressive disorder [21].

3.2.2. Social Anxiety Disorder

Recent investigations in SAD reveal specific microbial patterns linked to anxiety behaviors. Reduced Lactobacillus thamnosus
abundance correlates with increased anxiety scores and altered fear responses [22]. Additionally, disturbances in the Bacteroides-
Prevotella groups appear to influence social behavior patterns through modulation of oxytocin and cortisol pathways [23].

3.2.3. Autism Spectrum Disorders (ASD)

Analysis of gut microbiota in ASD patients has revealed distinct and characteristic microbial profiles that differ significantly from
neurotypical controls. These patients showed a substantial 2.8-fold increase in Clostridium species abundance, accompanied by a
pronounced 45% reduction in Bifidobacterium populations. These alterations in microbial composition show remarkable
consistency across multiple studies and populations. Of particular significance is the strong correlation observed between microbiota
composition and behavioral symptoms (r = 0.72, p < 0.001), suggesting a potential mechanistic link between gut microbial patterns
and ASD manifestations. The consistent nature of these microbial alterations across diverse patient populations provides compelling
evidence for the role of gut microbiota in ASD pathophysiology and presents potential therapeutic targets for intervention [24, 25].

3.2.4. Schizophrenia

Recent investigations into the gut microbiota of patients with schizophrenia have uncovered significant alterations in microbial
populations and their associated metabolic pathways. Studies have consistently demonstrated a marked 3.2-fold increase in the
Lactobacillus group, coupled with a substantial 41% decrease in Bacteroides species abundance. Perhaps most significantly, these
microbial changes are accompanied by profound alterations in tryptophan metabolism pathways, which show strong correlations
with symptom severity. The disruption of these metabolic pathways, particularly those involving neurotransmitter precursors,
suggests a potential mechanism through which gut microbiota may influence schizophrenia pathophysiology [26].

4. Mechanistic Pathways
4.1. Immune System Modulation

The gut microbiota emerges as a central orchestrator of immune responses through an intricate network of cellular and molecular
interactions. These microorganisms fundamentally shape immune system development and function through sophisticated
bidirectional communication pathways. Research has demonstrated that commensal bacteria play essential roles in regulating T-cell
differentiation, particularly in balancing pro- and anti-inflammatory T-cell populations within both the gut and systemic circulation.
This regulation extends to the modulation of cytokine production patterns, where specific bacterial species can either promote or
suppress inflammatory responses through direct interaction with immune cells [24]. Moteover, the microbiota's influence extends
to the central nervous system through its effects on microglial activation. These resident immune cells of the brain respond to signals
originating from the gut microbiome, affecting their activation states and inflammatory profiles. This gut-brain immune axis
represents a crucial pathway through which peripheral immune responses can influence neurological and psychiatric conditions [24].

Table 2. Mechanisms of Gut-Brain Communication

Pathway | Components Mediators Clinical Implications
Neural Vagus nerve, ENS Neurotransmitters, Neuropeptides | Direct gut-brain signaling
Immune Cytokines, Immune cells | IL-6, TNF-o, 11§ Neuroinflammation
Endocrine | HPA axis Cortisol, CRF Stress response

Metabolic | Microbial metabolites SCFAs, Tryptophan metabolites Neurotransmitter synthesis

4.2. Neurotransmitter Synthesis

The gut microbiota's role in neurotransmitter regulation represents another critical mechanistic pathway linking microbial
communities to brain function and behavior. Various bacterial species possess the remarkable ability to directly produce or
substantially influence the production of key neurotransmitters that modulate neural activity and behavior. For instance,
Lactobacillus and Bifidobacterium species have demonstrated capacity for GABA synthesis, contributing significantly to the body's
pool of this major inhibitory neurotransmitter. The microbiota's influence on serotonin availability occurs through complex
pathways of tryptophan metabolism, where bacterial enzymes and metabolites can either enhance or inhibit serotonin production.
Additionally, specific bacterial strains have been identified that directly participate in dopamine production, adding another layer to
the microbiota's influence on neutrotransmitter systems [25].
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4.3. Barrier Function and Inflammation

Recent studies show that gut microbiota significantly influences both intestinal and blood-brain barrier permeability [26]. The
integrity of these barriers depends on specific metabolites, particulatly short-chain fatty acids produced by commensal bacteria.
Disruption of barrier function leads to increased systemic inflammation and neuroinflammation, potentially accelerating disease
progression in both neurological and psychiatric conditions [27].

4.4. Metabolic Signaling

The gut microbiota generates numerous metabolites that act as signaling molecules in the central nervous system. These include not
only short-chain fatty acids but also secondary bile acids, tryptophan metabolites, and various neuroactive compounds [28].
Metabolomic analyses reveal distinct patterns of altered metabolite production in different neurological and psychiatric conditions,

suggesting disease-specific mechanisms of gut-brain interaction [29].

Table 3. Biomarkers for Monitoring Gut-Brain Axis Function

Biomarker Category | Specific Markers Clinical Utility | Sample Type
Inflammatory CRP, IL-6, TNF-o. | Disease activity Blood
Microbial LPS, D-lactate Barrier function Serum
Metabolic SCFAs, Tryptophan | Metabolic activity | Feces/Blood
Neuroendocrine Cortisol, BDNF Stress response Saliva/Blood

5. Therapeutic and Clinical Applications

Current evidence supports several approaches for therapeutic manipulation of the gut-brain axis. Probiotic interventions, particularly
those utilizing Lactobacillus and Bifidobacterium species, have shown promising results in both neurological and psychiatric
conditions [30]. Clinical trials investigating probiotic supplementation in Parkinson's disease patients demonstrate improvements in
motor symptoms and reduced gastrointestinal complications [31].

Probiotics Prebiotics

Metabolite
Productio

Microbiota
Modulation

Gut-Brain
Homeostasis

Anti-inflammatory
Effects

Ecosystem
Restoration

Figure 2. Therapeutic Intetrventions and Their Mechanisms of Action

Dietary interventions represent another significant therapeutic avenue. Mediterranean-style diets, rich in fiber and polyphenols,
promote beneficial changes in gut microbiota composition and reduce neuroinflaimmation [32]. Studies in Alzheimet's disease
patients show that dietary modifications can alter gut microbiota profiles and potentially slow cognitive decline [33].

Prebiotic supplementation has emerged as a promising therapeutic strategy. Recent trials indicate that specific prebiotic compounds
can selectively promote the growth of beneficial bacteria and enhance the production of anti-inflammatory metabolites [34]. These
interventions show particular promise in treating depression and anxiety disorders, where restoration of healthy microbial
communities correlates with symptom improvement [35].

Fecal microbiota transplantation (FMT) represents a more direct approach to microbiota modification. While still experimental in
neurological and psychiatric applications, initial studies suggest potential benefits in treatment-resistant depression and certain
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neurodegenerative conditions [36, 37]. However, careful patient selection and rigorous safety protocols remain essential
considerations.
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Figure 3. Forest Plot of Microbiota Based Interventions

The translation of gut-brain axis research into clinical practice requires systematic approaches to patient assessment and treatment
monitoring. Standardized protocols for microbiome analysis in clinical settings are emerging, enabling more precise diagnostic and
therapeutic strategies [38]. Advanced metabolomic profiling techniques now allow clinicians to track therapeutic responses through
changes in microbial metabolites [39].

Longitudinal monitoring of gut microbiota composition provides valuable insights into treatment efficacy and disease progression.
Recent developments in point-of-care testing for microbial markers and metabolites offer potential tools for routine clinical
monitoring [40]. Integration of microbiome data with other clinical parameters has led to the development of predictive models for
disease progression and treatment response [41].

The concept of microbiota-based precision medicine is gaining traction, with evidence suggesting that individual variations in gut
microbiota composition influence treatment outcomes [42]. Artificial intelligence algorithms analyzing microbiome profiles
alongside clinical data show promise in predicting individual responses to specific interventions [43]. These advances are particularly
relevant for complex conditions like treatment-resistant depression and early-stage neurodegenerative diseases [44].

Table 4. Clinical Trials in Microbiota-Based Interventions

Disease Sample Size | Duration | Outcomes Effect Size
PD 120 12 weeks | Motor symptom improvement | d = 0.56
AD 200 24 weeks | Cognitive function stabilization | d = 0.48
Depression 90 8 weeks Symptom reduction (HAM-D) | d=10.72
Anxiety 150 16 weeks | Anxiety score reduction d = 0.64
ASD 80 12 weeks | Behavioral improvement d=0.58
Schizophtenia | 100 20 weeks | Negative symptom reduction d=0.45

6. Conclusion

The relationship between gut microbiota and neurological function is a crucial aspect of human health and disease. Disruptions in
the gut-brain axis contribute significantly to both neurological and psychiatric disorders through multiple mechanistic pathways.
The evidence demonstrates clear associations between specific microbial alterations and disease manifestations, suggesting potential
therapeutic targets. Microbiota-based interventions, including probiotics, prebiotics, and dietary modifications, show promising
results in preliminary studies. However, the complexity of gut-brain interactions necessitates careful consideration of individual
vatiations and disease-specific factors.
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