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Abstract:
Introduction

The intestinal microbiota is a dynamic ecosystem essential for maintaining human
homeostasis. It comprises billions of microorganisms, including bacteria, viruses, fungi, and
archaea, which closely interact with their host. Research shows microbiota not only supports
metabolic and immune functions but also influences the central nervous system (CNS)
through the gut-brain axis, a bidirectional communication pathway.

The gut-brain axis regulates neurotransmitter production (e.g., serotonin, GABA), modulates
immune responses, and interacts via bacterial metabolites. Dysbiosis, or imbalance in the
microbiota, has been linked to neuropsychiatric disorders such as depression, anxiety, and
autism. Maintaining microbial balance is thus critical for mental health.

This paper reviews literature on the role of gut microbiota in mental health, focusing on
mechanisms of the gut-brain axis, dietary influences, and therapeutic potential. These insights
are especially relevant for developing personalized medicine targeting the microbiota to
address mental disorders.

Aim of the study
To assess the role of gut microbiota in mental health and its influence on diseases like
Alzheimer’s and Autism.

Materials and Methods

A literature review was performed using PubMed, Oxford Academic, and MDPI databases
under key topics: gut microbiota mechanisms, gut-brain axis in neurodegeneration,
developmental disorders, and its role in inflammation and neural pathways.

Keywords

Gut microbiota, Gut-brain axis, Mental health, Alzheimer’s disease, Autism,
Neurodegeneration, Inflammation, Dysbiosis, Probiotics, Prebiotics, SCFAs, Vagus nerve,
Serotonin, Behavioral disorders, Microbiome, Neuroinflammation.

Summary

The gut microbiota plays a crucial role in maintaining mental health and has been implicated in various
neurodegenerative and neurodevelopmental disorders, such as Alzheimer’s disease and Autism Spectrum
Disorder. Through the gut-brain axis, microbiota influences brain function via mechanisms involving microbial
metabolites, inflammation, and modulation of the immune system. Dysbiosis, or an imbalance in the gut
microbiota, has been linked to increased permeability of the gut and altered communication between the gut and
the brain. Recent studies highlight the potential therapeutic effects of targeting gut microbiota with probiotics,
prebiotics, and dietary interventions to improve mental health outcomes and mitigate disease progression.
Further research is necessary to fully understand the complex interplay between gut microbiota and brain health.

Introduction

The human intestinal microbiota is extremely complex and includes more than 1,000 species
of bacteria that co-create a unique ecosystem. The most important groups of bacteria are:
Firmicutes: These bacteria, including the genera Lactobacillus and Faecalibacterium, play a
key role in the production of short-chain fatty acids (SCFAs), such as butyrate, which
supports the integrity of the intestinal barrier and has anti-inflammatory functions. Firmicutes
bacteria have many genes responsible for the fermentation of dietary fiber. They can also
interact with the intestinal mucosa to help maintain balance in the body [1].



Bacteroidetes: anaerobic bacteria, found mainly in the large intestine, where they play a role
in the digestion of complex carbohydrates such as plant polysaccharides through the
production of fiber-degrading enzymes. Bacteroidetes have the ability to dynamically adapt to
changes in the host's diet, and are a key indicator of patient diet-health interactions. [2]
Actinobacteria: They play an important role in the intestinal microbiota mainly of the large
intestine. The best-known genus among Actinobacteria is Bifidobacterium, which play a key
role in fiber digestion. The bacteria produce short-chain fatty acids, such as butyrate, which
nourishes the intestinal epithelium and has anti-inflammatory effects. Their existence in the
intestines reduces the risk of inflammatory bowel disease or obesity, so an imbalance of these
bacteria can lead to dysbiosis. [3]

Proteobacteria: This is a diverse group of bacteria, including both commensal and potentially
pathogenic organisms. Among the Proteobacteria we distinguish bacteria such as E.coli,
which can perform metabolic functions, however, under favorable conditions can cause
diseases. Bacteria in this group play a role in the metabolism of nitrogen and carbon, in
addition, some species help in the fermentation of nutrients and in the production of
metabolites significant to the host. Some Proteobacteria can be beneficial in maintaining
intestinal homeostasis, however, their excessive proliferation, can often promote
gastrointestinal infections and diseases. [4]

Gut-brain axis

The gut-brain axis, also known as the microbiota-gut-brain, is a complex communication
system that integrates the functions of the nervous system, endocrine system, immune system
and gut microbiota. It is a bi-directional pathway that enables the exchange of information
between the gut and the brain, influencing many processes in the body, including behavior,
mood, as well as metabolic and immune functions."[5]

HPA pathway- Hypothalamus- Pituitary- Adrenal glands

A key component of the gut-brain axis is the hypothalamic-pituitary-adrenal (HPA) axis,
which is responsible for the body's response to stress. Under stress, the gut microbiome and
other factors, such as dysbiosis, can activate the HPA pathway, leading to the secretion of
corticoliberin (CRH) by the hypothalamus, which stimulates the secretion of
adrenocorticotropic hormone (ACTH) from the anterior lobe of the pituitary. ACTH
stimulates the adrenal glands to produce cortisol, a stress hormone that affects intestinal
immune function, including the inflammatory response and the integrity of the intestinal
barrier. In addition, in the context of the gut-brain axis, the HPA pathway plays a role in
regulating the body's response to changes in the gut microbiota and its impact on gut and
brain function. [6,7]

Neuroendocrine and neuronal communication pathways

The gut-brain axis is also regulated by neuroendocrine communication pathways, including
neurotransmitters produced by the gut microbiota, such as serotonin, GABA, dopamine and
acetylcholine. These substances affect brain function and the nervous system in the gut. For
example, Lactobacillus and Bifidobacterium produce GABA, which is the main inhibitory
neurotransmitter in the nervous system, while Escherichia coli and Candida synthesize
serotonin, which regulates mood and cognitive processes. The activity of these
neurotransmitters affects behavior, anxiety, depression, and cognitive function. [8]

The role of the enteric nervous system (ENS)

The enteric nervous system, also known as the "second brain," plays a key role in the gut-
brain axis. It consists of a vast network of neurons, including Meissner's plexus (in the
submucosa) and Auerbach's plexus (between the muscular layers of the intestines), which are
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responsible for regulating intestinal movements, secretion of digestive juices and intestinal
barrier function. This system is independent, but is in constant communication with the
central nervous system, including via the vagus nerve (vagus), which transmits impulses from
the gut to the brain. Studies show that 90% of signals in the gut-brain axis are sent from the
gut to the brain (centripetal response), suggesting that the gut may influence brain processes
to a greater extent than previously thought. [9]

Metabolism of tryptophan and serotonin

The gut microbiota influences the metabolism of tryptophan, which is a precursor amino acid
for the production of serotonin, a neurotransmitter called the "happy hormone." Most
serotonin (about 95%) is produced in the gut, and only a small amount in the brain.

Gut microbes, including Bifidobacterium infantis, can affect tryptophan levels and its
conversion to serotonin, which is important in regulating mood and behavior. Serotonin
deficiency in the central nervous system is associated with disorders such as depression and
anxiety. Serotonin, produced in the gut, also influences gastrointestinal function, regulating
intestinal peristalsis, enzyme secretion and interactions with immune cells. [10,11]

Importance of microbiota research for mental health

Research on the gut microbiota is becoming increasingly important in the context of mental
health, as it uncovers unexpected links between the microbes that inhabit our gut and brain
function. A growing body of evidence suggests that the composition of the microbiota may
influence our mood, emotions and predisposition to various mental disorders such as
depression, anxiety and stress. Understanding the role of the microbiota in regulating
neurochemical processes and its impact on inflammatory responses that can affect our psyche
opens up new possibilities for treatment and prevention. Research in this area may contribute
to the development of innovative therapies that incorporate the microbiome as an important
component in the treatment of mental disorders, offering patients a more holistic approach to
health in which diet, lifestyle and gut microflora play a key role. [12,13]

Neuroimmune and neurohormonal communication between the gut and the brain.
Neuroimmune communication-is a process in which the immune system such as macrophages,
dendritic cells or lymphocytes interact with the nervous system in transmitting signals to the
brain that can affect the functioning of the body, for example, in situations of stress to the
body (including surgery), inflammatory reactions or the development of neurodegenerative
disorders. [14]

In the context of neuroimmune communication, its main mechanisms are: the vagus nerve
pathway, cytokines, chemokines and inflammatory mediators

Nerve pathway: Vagus nerve

It conducts signals from the gut to medulla oblongata, from where the information then travels
to higher brain structures (i.e., hypothalamus, amygdala).

It is a two-way communication: Signals from the brain can influence gut motility and
impulses from the gut can modulate behavior, emotional and stress responses in the brain.
[14,15] Cytokines and chemokines:

In response to inflammation, the activity of cells of the intestinal immune system leads to the
release of cytokines and chemokines, they have the ability to cross the blood-brain barrier and
can affect the central nervous system [16].

Pro-inflammatory cytokines can modify changes in mood (such as anxiety and depression)
and cognition. Chronic inflammation, resulting from dysbiosis of the gut microbiome, can
even lead to the development of neurodegenerative diseases. [17]
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Gut microbiome:

It is a key element in neuroimmune communication, as gut microbes produce numerous
biochemicals and metabolites that can affect brain function.

Neurohormonal communication between the gut and the brain:

This type of communication refers to the interaction of hormones and neurotransmitters
produced in the gut and acting on the central nervous system.

Serotonin- 5-hydroxytryptamine (5-HT)

As a result of serotonin activity in the gut, signals are produced that affect the CNS, and
information is transmitted from the brain to the digestive system.

Serotonin acts as a neurotransmitter in both the central and peripheral nervous systems, acting
on various types of serotonin receptors including HTR1-HTR4.

It plays a key role in regulating intestinal motor functions, due to the fact that there are
serotonin receptors in smooth muscle cells, and their stimulation affects intestinal contractions
and motility. Too little serotonin can lead to digestive disorders (constipation), while excess
serotonin can cause diarrhea. [19]

Serotonin in the gut-brain axis affects the regulation of mucus secretion, motility and blood
flow, thereby regulating intestinal homeostasis. On the other hand, the presence of serotonin
in the central nervous system affects emotions, mood, cognitive functions, including the
ability to feel pain and respond to stress. [20]

5-HT can affect the central nervous system both directly and indirectly. The hormone secreted
in the gut can enter the bloodstream and then enter the brain through the blood-brain barrier.
In the brain, serotonin acts on receptors that are located in many areas of the brain (including
the frontal cortex, hippocampus and amygdala). Activation of these receptors is associated
with the regulation of mood anxiety, memory processes, as well as effects on emotional and
social reactions. [21]

Stressors, both physical and emotional, can alter serotonin levels in the gut and brain,
resulting in imbalances of this amine in the nervous system.

An example is the phenomenon in which changes in the gut microbiome can affect serotonin
levels in the gut, which in turn affects serotonin levels in the brain, with potentially important
implications for mental health and cognitive function. [22,23]

GABA- gamma- aminobutyric acid

It is the main inhibitory neurotransmitter in the central nervous system and plays a key role in
the regulation of many neurophysiological processes (neuronal excitability, muscle relaxation,
as well as regulation of emotional state and stress.

GABA is synthesized in the gut, especially in neuroendocrine cells such as enterochromaffin
cells, and in enterocytes. The synthesis process is regulated by the activity of the intestinal
microbiota.

GABA plays arole in regulating intestinal motility and immune function within the gut. [24]
Research suggests that gut bacteria can affect the secretion of GABA, which consequently
affects central nervous system activity and emotions.

Communication between the gut and the brain occurs on several levels: GABA affects the
activity of sensory neurons in the gut, which transmit information to the brain via the vagus
nerve. Gamma-aminobutyric acid, as an inhibitory neurotransmitter, can modulate signals sent
from the gut to the brain, affecting pain sensation, inflammation and other gut processes.



GABA in the gut can affect gut microflora, which in turn can affect neurotransmitter synthesis
in the brain.

Stress or mental disorders such as depression or anxiety cause changes in GABA
concentrations in both the gut and brain. [25]

Reduced levels of GABA in the central nervous system can lead to mood disorders, excessive
reactivity to stress, and increased inflammation, which is associated with activation of the
HPA axis (hypothalamic-pituitary-adrenal axis).

Certain strains of intestinal bacteria, e.g. Lactobacillus and Bifidobacterium, can synthesize
GABA, which affects the activity of the GABAergic neuronal system. It has been shown that
these bacteria can affect changes in GABA levels the brain, thereby affecting behavior,
anxiety and depression. [26]

GABA imbalances in the gut-brain axis have been linked to a number of psychological
pathology conditions, including anxiety, depression, as well as obsessive-compulsive disorder
and autism. Changes in GABA levels the brain may be the result of gut microflora disorders,
which affects the functioning of the gut-brain axis. Studies suggest that modulation of the
GABAergic system in the brain may have beneficial effects on treating mood disorders,
including lowering anxiety and depression, indicating an important role for this substance in
gut-brain communication. [27]

Dopamine (DA)

It is a key neurotransmitter in the reward and motivation system and emotion regulation. The
gut microbiome has the ability to influence the metabolism of dopamine precursors and
modulate its levels in the central nervous system.

Some gut bacteria, such as Escherichia coli, can synthesize dopamine or its precursors, such
as tyrosine and L-DOPA. [28]

Dopamine deficiency is closely associated with reduced motivation and impaired reward
systems, key features of depression. Intestinal dysbiosis can lead to reduced dopamine levels
in the mesolimbic system and prefrontal cortex, further exacerbating depressive symptoms.
[29]

The microbiota affects the expression of dopamine receptors in the brain, particularly in areas
associated with motivation and mood, such as the striatum and hippocampus.
Microbiota-induced dopaminergic dysfunction can lead to dysregulation of the reward system,
exacerbating not only depression but also other disorders such as addiction and ADHD.
[30,31]

Stress affects the gut microbiota, which consequently disrupts dopaminergic pathways
through activation of the HPA axis.

Persistent HPA axis acitvity may inhibit dopamine production, contributing to the severity of
depression [32,33].

Norepinephrine (NA)

The gut microbiota can modulate its synthesis and influence its function the nervous and
endocrine systems.

Bifidobacterium and Lactobacillus, produce norepinephrine precursors or modulate
norepinephrine levels by affecting the hypothalamic-pituitary-adrenal (HPA) axis, which is
responsible for stress responses. [34]

Abnormalities in norepinephrine signaling are associated with the anhedonia, loss of energy
and impaired concentration characteristic of depression.
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Norepinephrine affects synaptic plasticity and the regulation of neurogenesis in the
hippocampus, a key brain structure involved in mood.

Chronic inflammation induced by the microbiota may further impair norepinephrine synthesis
and increase the risk of mood disorders [35,36].

Effect of gut microbiota on various psychiatric disorders:
The gut microbiota plays an important role in the pathogenesis and course of various
psychiatric disorders, such as depression, anxiety, schizophrenia, autism and bipolar disorder,

Through mechanisms of the gut-brain axis. Bacterial metabolites such as short-chain fatty
acids (SCFAs), neurotransmitters (e.g., serotonin, GABA, dopamine), and pro- and anti-
inflammatory cytokines that modulate the nervous system are crucial. [39]

Gut dysbiosis can lead to chronic inflammation and increased permeability of the intestinal
barrier and blood-brain barrier, which exacerbates neuroinflammatory mechanisms in the
brain and contributes to symptoms such as anhedonia, excessive anxiety and cognitive deficits.
In addition, the composition of the microbiota influences the functioning of the hypothalamic-
pituitary-adrenal (HPA) axis, regulating the stress response, which is important in the context
of depression and anxiety disorders.

A growing body of evidence suggests that modulation of the gut microbiota, such as through
probiotics, prebiotics or diet, may be a potential therapeutic strategy for treating psychiatric
disorders. [37,38]

Link between gut microbiota and depression:

Studies indicate a significant link between the gut microbiota and the pathogenesis of
depression, gut dysbiosis playing a key role in the mechanism of depression.

A reduction in the diversity of the microbiota and a preponderance of pro-inflammatory
bacteria are very common in people with depression.

Disturbances in the microbiota can lead to the overproduction of pro-inflammatory cytokines,
which, through neuroinflammatory mechanisms, reduce the synthesis of neurotransmitters
such as dopamine and serotonin that are key to mood regulation. [40,41]

Link between gut microbiota and anxiety states

The gut microbiota plays a key role in the pathophysiology of anxiety by influencing the
neurobiological and immunological mechanisms of the gut-brain axis. Abnormalities in the
composition of the microbiota, such as reduced diversity of gut bacteria, can lead to
dysregulation of neurotransmitters, including GABA, serotonin and glutamate, which play a
key role in the modulation of anxiety. Lactobacillus and Bifidobacteria, in particular, are
associated with GABA production, and their deficiency can exacerbate anxiety reactions by
imbalancing the inhibitory and excitatory systems in the brain.

Increased permeability of the intestinal barrier, resulting from dysbiosis, allows
lipopolysaccharides (LPS) to be translocated into the bloodstream, causing chronic low-grade
inflammation. This in turn affects the activation of the hypothalamic-pituitary-adrenal (HPA)
axis, leading to overproduction of cortisol and exacerbating anxiety symptoms. Studies
indicate that chronic inflammation and overactivation of the HPA axis are common
mechanisms for both anxiety and depressive disorders. [42, 43]

In addition, the microbiota influences the production of short-chain fatty acids (SCFAs), such
as butyrate, which have anti-inflammatory and neuroprotective effects. SCFA deficiency can
lead to a weakened blood-brain barrier, increasing vulnerability to environmental stressors
and exacerbating anxiety symptoms.

Interventions aimed at modulating the microbiota, such as the use of probiotics, prebiotics,
and a diet rich in fiber and polyphenols, are attracting increasing interest. Studies suggest that
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probiotics, referred to as "psychobiotics,” may reduce anxiety by modulating the
inflammatory response, regulating the HPA axis and improving neurotransmitter metabolism.
These approaches may, in the future, complement conventional pharmacological and
psychological therapies in the treatment of anxiety. [44, 45]

Link of gut microbiota to neurodevelopmental disorders such as autism

Research on the gut microbiota indicates that it has a significant impact on the development
and function of the nervous system, which is of particular importance in the context of
neurodevelopmental disorders such as autism spectrum disorders (ASD). Individuals with
ASD often exhibit significant changes in the composition of the gut microbiota, referred to as
dysbiosis, which can contribute to behavioral and somatic symptoms. Reduced microbiota
diversity and an excess of pro-inflammatory bacteria, such as Clostridium, can lead to
increased inflammation that affects the gut-brain axis.

Mechanisms underlying this relationship primarily involve the action of microbiota
metabolites such as short-chain fatty acids (SCFAs). Butyrate, known for its anti-
inflammatory effects and support of blood-brain barrier function, is often reduced in
individuals with ASD. Excess propionate, on the other hand, can negatively affect metabolic
pathways in the brain, potentially leading to symptoms typical of autism, such as sensory
hypersensitivity, communication difficulties and repetitive behavior. [45]

The microbiota also influences the development of the immune system and the functioning of
microglia, which play a key role in the formation of neuronal structures. Microglia
dysfunction, resulting from chronic inflammation induced by dysbiosis, can disrupt the
processes of synaptogenesis and myelination, which is important in the pathophysiology of
ASD.

Moreover, the microbiota affects levels of neurotransmitters such as GABA, dopamine and
serotonin, which are critical in regulating mood, behavior and cognitive function. People with
ASD often have abnormalities in these neurotransmitter pathways, which may be linked to the
microbiota.

Interventions targeting the microbiota, such as the use of probiotics, prebiotics and dietary
changes, are promising therapeutic strategies in the context of ASD. Preliminary research
indicates that they can improve both gastrointestinal symptoms and some aspects of behavior,
such as social interactions and anxiety levels. However, more research is needed to better
understand the role of the microbiota in the pathogenesis of neurodevelopmental disorders
and to develop effective therapies. [46]

Effects of diet and probiotics on myrobiotics and mental health

Diet is one of the most important factors shaping the composition and function of the gut
microbiota, which indirectly affects mental health through the gut-brain axis. Eating a diet
rich in fiber, vegetables, fruits, and fermented dairy products promotes the growth of
beneficial bacteria such as Lactobacillus and Bifidobacterium, which support the production
of short-chain fatty acids (SCFAs) and neurotransmitters such as serotonin and GABA. These
metabolites and compounds modulate inflammation, intestinal barrier permeability and
neuroimmune function, which have direct implications for the risk of depression, anxiety or
neurodevelopmental disorders. Probiotics - live microorganisms with beneficial health effects
- can be used as supplements to help treat mental disorders. Studies have shown that
probiotics containing strains of Lactobacillus rhamnosus or Bifidobacterium longum can
lower cortisol levels, regulate stress response, and improve cognitive function and mood. In
addition, a diet that eliminates highly processed foods rich in sugars and trans fats reduces
dysbiosis and accompanying chronic inflammation, which is crucial for mental stability.



Myrmecobiotic changes due to diet

Diet has a direct effect on the diversity and proportion of gut bacteria, and these changes can
both promote health and contribute to the development of psychiatric disorders. The Western
diet, characterized by high saturated fat, simple sugars and low fiber, leads to a reduction in
the population of SCFA-producing bacteria, such as Faecalibacterium prausnitzii, and an
increase in pro-inflammatory bacteria, such as Escherichia coli. Such changes result in
increased permeability of the intestinal barrier, leading to the translocation of
lipopolysaccharides (LPS) into the bloodstream, triggering inflammation and
neuroinflammation, which are associated with depression and anxiety. In contrast, a diet rich
in fiber, polyphenols, probiotics and prebiotics can support beneficial bacteria such as
Bifidobacterium and Lactobacillus, promoting gut health and reducing the risk of mental
disorders. Research confirms that changing to a Mediterranean diet can improve mood and

reduce symptoms of depression within weeks by regulating the microbiota and its metabolites.
[47, 48]

Research on probiotics and their use in the treatment of mental disorders

Research on probiotics, also referred to as "psychobiotics," indicates their promising potential
in the treatment of psychiatric disorders. It has been shown that probiotics containing strains
of Lactobacillus helveticus and Bifidobacterium longum can effectively reduce symptoms of
depression and anxiety by reducing inflammatory markers, regulating the HPA
(hypothalamic-pituitary-adrenal) axis, and increasing serotonin and GABA production.
Clinical studies indicate that the use of probiotics as an adjunct to pharmacotherapy can
improve the effectiveness of antidepressants and reduce the time it takes to achieve remission.
The use of probiotics in the treatment of neurodevelopmental disorders, such as ADHD and
autism, is also the subject of intense research, with results suggesting that modulating the
microbiota can improve social behavior and reduce emotional difficulties in patients. Despite
the promising results, there is still a need for more long-term and large-scale studies to
determine the optimal composition and dosage of probiotics and to understand their
mechanisms of action in the context of psychiatric disorders. [49,50]

Research summary and outlook

Modern research on the gut microbiota and its relationship to central nervous system function
confirms the important role of the gut microbiota in regulating mental health. Key
mechanisms of action include effects on the production of neurotransmitters such as serotonin,
GABA and dopamine, modulation of the inflammatory response and regulation of the
hypothalamic-pituitary-adrenal (HPA) pathway. Disorders of the gut microbiota, known as
dysbiosis, have been linked to a number of psychiatric disorders, including depression,
anxiety and neurodevelopmental disorders. Findings from studies to date point to the need to
further explore the role of specific bacterial strains and their metabolites in the gut-brain axis,
which may contribute to the development of more targeted therapeutic strategies.

Conclusions on the relationship between microbiota and psyche

Accumulating scientific evidence indicates that the gut microbiota plays a fundamental role in
the functioning of the gut-brain axis, which is a complex communication system between the
gastrointestinal tract and the brain. Dysbiosis of the microbiota leads to an increase in the
permeability of the intestinal barrier, which enables the translocation of pro-inflammatory
factors, such as lipopolysaccharides, into the systemic circulation. This results in the
activation of neuroinflammatory processes that disrupt the balance of neurotransmitters, such
as serotonin and dopamine, key to mood and cognitive regulation. These observations support
the hypothesis that modulation of the microbiota, such as through a diet rich in fiber,
prebiotics or
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probiotics, may be an effective way to support mental health and treat neuropsychiatric
disorders.

Future research directions and clinical application

Perspectives on microbiota research in the context of mental health focus on understanding
individual differences in microbiota composition and their impact on the pathogenesis of
mental disorders. A key area of interest is the identification of microbial strains and their
metabolites with potential therapeutic effects, referred to as psychobiotics. Research into their
efficacy and safety in the treatment of depression, anxiety disorders or autism is a promising
direction for the development of personalized medicine.

In addition, the implementation of microbiota biomarkers into psychiatric diagnostics may
enable early detection of disorders and monitoring of treatment effects. The development of
such strategies could transform approaches to treating psychiatric disorders by integrating
microbiota modulation with conventional therapeutic approaches.
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