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ABSTRACT:

Introduction and Purpose: In recent years, more and more scientific research has paid

attention to determining the role of gut microbiota in maintaining the body's homeostasis. It is

attributed not only to the functions related to digestion but also to many others that may seem

unrelated to the digestive tract. This includes, among others, creating immunity and psyche,

through a strong influence on the gut-brain axis. The gut microbiota colonizes the digestive

tract already in the first days after birth. Over time it undergoes significant changes, both

quantitative and qualitative. This affects the ability to perform the functions mentioned above.

This study aims to review current scientific research on the gut microbiota and the gut-brain

axis and to determine how they may participate in the pathogenesis of depressive disorders.

Brief Description of the State of Knowledge: Changes in the number and proportion of

microorganisms that create the gut microbiota are associated with severe disorders.

Disturbances in the gut-brain axis can affect many processes, which are the basis of

neurological and psychiatric conditions. Due to the prevalence and limitations of currently

used methods of treating depressive disorders, scientists emphasize the necessity of

perceiving this disease as one of the symptoms of a disturbed gut-brain axis. Understanding

the entire pathophysiology could help in defining strict procedures for the treatment of the

aforementioned dysbiosis.

Summary: Depression affects a significant group of patients in everyday medical practice.

Even for experienced doctors, it is a major diagnostic and therapeutic challenge. Diagnosis,

treatment, and prevention of gut dysbiosis may prove to be an effective support for classic

depression therapy.

Materials and Methods: The literature review was conducted using the PubMed database.

Key words: gut microbiota, dysbiosis, gut- brain axis, depression, major depressive disorder,

probiotic
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INTRODUCTION:

The Gut Microbiota

At the beginning of our consideration, we have to explain what microbiota is and what

important functions it has in our body. The gut microbiota can be defined as the trillions of

microorganisms that inhabit the digestive systems of all animals, including humans [1, 2].

The population of microorganisms is about ten times bigger than the number of cells in our

body [3]. It is assumed that they can weigh up to 2 kg [4]. The gut microbiota consists of

bacteria, viruses, fungi, protists, archaea, their genomes and the environment around them.

The vast majority, as much as 90%, are bacteria, mainly from two genera: Bacteroidetes and

Firmicutes [5].

It is common knowledge that gut microbiota plays a key role in maintaining proper digestive

function and regulating pH, peristalsis, and bowel movement rhythm. It aids digestion,

nutrient absorption, fat metabolism, and vitamin synthesis, particularly B vitamins. The

anaerobic fermentation of fiber produces short-chain fatty acids (SCFAs) that provide energy

to colon cells, with butyric acid crucial for their growth and differentiation. The microbiota

also helps neutralize toxins and carcinogens [6, 7, 8]. However, the role of the gut microbiota

is not limited only to processes related to food digestion and its passage. Unfortunately, a lot

of people still don't realize that gut microbiota fulfills other equally important functions such

as participation in the synthesis of serotonin, also known as the happiness hormone,

modulation of the hypothalamic-pituitary-adrenal (HPA) axis, and conduction in the vagus

nerve, which is most of the parasympathetic fibers in our body. Additionally, it takes part in

regulating the immune system. It has immunomodulatory effects, influences cytokine levels,

and interacts with the digestive tract's lymphatic tissue, which is the largest lymphatic organ

in the human body [8]. Given these facts, there is no doubt that any imbalances in the quantity

and composition of the gut microbiota can lead to serious metabolism and systemic problems,

relating to disorders in peristalsis, digestion, absorption, and vitamin production, as well as
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the breakdown of the intestinal barrier, excessive immune system activation and dysregulation

of neurology and endocrine system [9, 10].

The gut microbiome is formed throughout life and many factors influence its composition and

functions. Its creation begins as a baby passes through the mother's birth canal during delivery.

After birth, the diet has a primary role in building and modulating the microbiota as it adapts

to absorbed nutrients. Feeding methods in infancy have a significant impact on the

microbiome's arrangement, and the first year of life is a crucial period for development. At

birth, taxonomic diversity is low but increases over time [11, 12, 13]. Factors that negatively

affect the gut microbiome include cesarean delivery, short or no breastfeeding, introduction of

solid foods before 3 months of age, antibiotic use during pregnancy or early life, and poor

dietary habits, especially high consumption of ultra-processed foods [14]. Exercise promotes

microbiota diversity by supporting a healthy lifestyle, reducing inflammation, lowering

disease risk, and improving metabolic markers [15]. On the other hand, antibiotics disrupt the

microbiota by killing both harmful and beneficial microbes, leading to dysbiosis. The type

and duration of antibiotic treatment influence the extent of this disruption [16]. Smoking,

including e-cigarettes, also affects microbiota composition, particularly in the oral cavity. In

general, factors such as nutrition based on unbalanced and highly processed meals, lifestyle

with a predominance of sedentarism, drug use, smoking, alcohol consumption, hormonal

changes, decreased immunity, high antibiotic use, health situation, and possibly disorder of

the gut-brain axis (related to stress, depression, autism) negatively impact the gut

microbiome’s composition and function [2, 17].

The Gut-Brain Axis

Many studies and scientific papers created in the last decades have focused on the presence of

a functional relationship between the digestive tract, gut microbiota, and the brain. The issue

of disturbances in the correlation mentioned above may concern many patients from various

areas of medicine, suffering from diseases in the treatment of which pharmacotherapy has not

brought the desired effects or has caused the occurrence of numerous serious adverse effects.

The discovery of another possible method of therapy has given hope to patients and their

doctors for curing and improving the quality of life. This is why the issue of the gut-brain axis
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is such a dynamically developing area of   medicine, in which we place great expectations

[18,19].

The specific relationship between the gastrointestinal tract and the central nervous system

(CNS) has been called the "gut-brain axis" and involves the bidirectional (afferent and

efferent) exchange of neural, endocrine, and immune signals between them [20]. This is an

integrated physiological concept. This axis is considered bidirectional, which means that the

intestines can regulate the functioning and emotional activity in the CNS, and the CNS can

regulate the functioning of the gastrointestinal tract [21]. However, previous studies have not

shown the chronological order of disorders, so it is not known exactly whether disorders in

the functioning and emotional activity of the CNS cause gut dysbiosis, or whether changes in

the amount or composition of the gut microbiota promote disorders of the CNS [2].

The bidirectional communication between the gut, its microbiota, and the CNS is organized at

four distinct levels: metabolic, nervous, neuroendocrine, and immunological. Transmission at

the level of neurotransmitters, neuropeptides, microbiome-derived products (mainly bacterial

metabolites), and maintenance of the integrity of the intestinal barrier and tight junctions also

play an important role [22, 23].

Communication at the neural level involves the modulation of signals conducted by the vagus

nerve. Regulation of the gut-brain axis at the neuroendocrine level occurs primarily through

the HPA axis, also known as the stress axis, which primarily controls the stress response

through the synthesis of cortisol. The thesis based on gut-brain communication at the

immunological level indicates the production of immune mediators (mainly cytokines) in

reaction to persistent inflammation as a result of increased intestinal permeability (also known

as leaky gut syndrome (LGS)). The importance of communication at the level of using

neurotransmitters and neuropeptides is the fact that the gut microbiota can influence the

synthesis or metabolism of neurotransmitters or produce these neuroactive substances

themselves. In addition, the gut microbiota has enzymes that control the pathways of

tryptophan metabolism leading to the formation of serotonin. Microbiome-derived products

(which are mainly bacterial metabolic products) such as SCFAs play a particular role in gut

integrity [2, 19, 23, 24].

The fundamental communication tracks between the gut microbiota and the brain appear to be

the vagus nerve, tryptophan metabolites, and microbial products- SCFAs [19].
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The Neuronal Pathways

The neuroanatomical level of the gut-brain axis involves two pathways: a direct connection

between the brain and intestines via the vagus nerve and the autonomic nervous system

(ANS), and an indirect route connecting the enteric nervous system (ENS) to the ANS [22].

The researchers have shown that 90% of impulses in the brain-gut axis are transmitted

centripetal, i.e. from the gut to the brain, and only 10% centrally from the brain to the gut [25].

These pathways play a significant role in gut-brain axis disturbances generally manifesting as

various mental disorders. The gut microbiota supports anti-stress and anti-anxiety responses

by modulating vagus nerve activity and secreting neurotransmitters including γ-aminobutyric

acid (GABA) (produced by Lactobacillus and Bifidobacterium), acetylcholine (Lactobacillus),

serotonin (Escherichia, Candida, Enterococcus), dopamine (Bacillus), and noradrenaline

(Bacillus, Saccharomyces) and SCFAs [25, 26]. Chronic vagus nerve stimulation (VNS)

reduces anxiety through alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor

(AMPAR)- mediated excitatory neurotransmission [27], while transcutaneous auricular VNS

has shown effectiveness in treating depression, comparable to traditional depression

pharmacotherapy [28]. Elevated vagal tone also reduces cytokine production, demonstrating

immunomodulatory effects [29]. The role of substances produced by gut microbiota is not

limited to participating in communication within the intestinal flora. These substances play a

role in systemic and peripheral processes that influence brain function. The gut microbiota

also regulates the levels and metabolism of glutamic acid (glutamate), a key neurotransmitter

in the CNS involved in learning and memory. While essential under normal conditions,

excessive glutamate can overstimulate receptors and harm neurons. Glutamate is also

converted into GABA, the main inhibitory neurotransmitter, and the microbiota affects both

GABA levels and its metabolism [23, 30].

The Endocrine Pathways

At the neuroendocrine level, a fundamental role plays the HPA axis. This axis is one of the

main mechanisms regulating the course of the stress response. HPA axis begins in the

paraventricular nucleus of the hypothalamus, where takes place the synthesis of two

hypothalamic hormones: corticotropin-releasing hormone (CRH) and vasopressin. These
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hormones start a hormonal cascade along the HPA axis. The function of CRH is to stimulate

the anterior pituitary gland to produce and secrete the adrenocorticotropic hormone (ACTH).

ACTH goes through the blood to the adrenal cortex and stimulates it to secrete

glucocorticoids, mainly cortisol [22]. On the other hand, the gut microbiota modulates the

availability of nutrients and influences the secretion of biologically active peptides from

enteroendocrine cells. This change in peptide release may impact the functioning of the gut-

brain axis. For this reason, the neuropeptide galanin increases the activity of the central

component of the HPA axis, resulting in modified secretion of corticotropin-releasing factors

(CRF) and ACTH. This stimulation leads to increased secretion of glucocorticoids from the

adrenal cortex [24, 31]. Cortisol exerts its effects on the CNS through hormonal and neural

communication pathways. These interacting pathways influence the activity of various cell

types in the gut, including intestinal effector cells, smooth muscle cells, epithelial cells,

enterochromaffin cells, interstitial cells of Cajal, enteric neurons, and immune cells [32]. In

addition, cortisol plays a crucial role in the endocrine mechanisms regulating the gut-brain

axis, as it affects immune cells by modulating the secretion of cytokines acting on the HPA

axis. Consequently, stress conditions lead to changes in the gut microbiome, immune function,

mucus production, gut motility, and permeability [33].

The Immune Pathways

In recent years, increasing evidence suggests that disorders of the gut-brain axis may have an

inflammatory basis, which patients most often manifest as various psychiatric illnesses.

Inflammatory mediators induce changes in brain functions at the neurohormonal and

neurochemical levels, which may be displayed in numerous diseases from the neurological

and psychiatric areas [34]. Increased intestinal permeability, LGS, is a fundamental factor in

initiating a systemic inflammatory response. LGS is associated with disruption of the gut

microbiota, enterocyte damage, and weakening of tight junctions between enterocytes [35, 36].

This process causes the translocation of Gram-negative bacteria containing lipopolysaccharide

(LPS) in the cell membrane structure, which triggers a cascade of reactions leading to the

activation of the immune system [37]. As a result of the described changes, immune cells

produce pro-inflammatory cytokines (IL-6, IFN-γ, CRP, TNF-α), which initiates the

development of a generalized inflammation of the body and hurts cells, including cells of the

CNS [38]. Another consequence of increased levels of pro-inflammatory cytokines is an
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activation of the limbic system, which is responsible for memory, emotions, and behavior.

Through the HPA axis, stress generated as a defense mechanism in reaction to systemic

inflammation causes the secretion of cortisol from the adrenal cortex, which triggers many

responses, including changes in brain function. Modifications in the gut microbiota, such as a

decrease in the number of beneficial Lactobacillus and Bifidobacteria bacteria, also impact

the body's answer to external factors [19].

In summary, disorders in the structure and function of the gut microbiota lead to increased

permeability and penetration of substances that affect physiological processes, which activate

the immune response and cause chronic inflammation. Chronic inflammation, which is most

often accompanied by disturbances of the gut microbiota, may be a factor initiating the

development of a wide range of neuropsychiatric diseases. Based on this information, it seems

certain that neuropsychiatric disorders and inflammation are closely related [19, 23, 34].

Neurotransmitters and Neuropeptides

One of the important examples that should be also mentioned is the influence of the gut

microbiota on the brain-gut axis through the production of neuroactive substances, known as

neurotransmitters. It is mainly based on the synthesis of serotonin, often called the happiness

hormone. Deficiency of this neurotransmitter in the CNS is considered a critical factor leading

to depression, sadness, apathy, and anxiety. Nowadays theories indicate it as the main cause

of the development of a depressive episode [39]. The gut microbiota contains enzymes that

control the processes of metabolism of the serotonin precursor, which is tryptophan. This is an

amino acid necessary for the proper functioning of our body, of which about 2% supplied

with food is converted into serotonin. In the human organism, serotonin is mainly produced in

the digestive tract, nervous system, and immune system. As much as 95% of the total score of

serotonin is produced in the gastrointestinal tract by enterochromaffin cells (ECC) of the

mucosa, intestinal microorganisms, and neurons located in the neural plexuses of the

submucosal and muscular layers. The remaining 3% of serotonin is produced in platelets and

2% in the pineal gland. In the nervous system, serotonin is a neurotransmitter that plays a

primary role in regulating pain, sleep, mood, and memory processes [40, 41, 42]. Due to the

blood-brain barrier (BBB), all neurotransmitters synthesized in the intestines do not reach the

brain directly, except GABA, which is transported across the BBB thanks to specific

transporters [19]. An additional pathway for the influence of intestinal neurotransmitters on



10

the brain is indirect communication through the enteric nervous system (ENS). Serotonin is

the most important transmitter in the nervous system of the gastrointestinal tract, where its

receptors are located in the neurons of the submucosal and muscular plexuses, enterocytes,

and smooth muscle cells. Through specific receptors, serotonin affects the activity of the

gastrointestinal tract, both inhibiting and stimulating its functions [41]. Studies have shown

that serotonin metabolism disorders are responsible for the pathogenesis of some

gastrointestinal diseases. For example, increased serum serotonin levels have been observed

in inflammatory bowel diseases (IBD), intestinal infections, or appendicitis [43]. Moreover, it

has been found that intestinal bacteria, such as Bifidobacterium infantis, can influence the

level and metabolism of tryptophan, increasing its availability in the body [44]. In this way,

the gut microbiota, by controlling the amount of tryptophan - the precursor of serotonin - also

affects the level of serotonin in the brain [23, 24].

Bacterial Metabolites

The bacterial products of metabolism have a special role in regulating the brain-gut axis. The

proven importance is mainly SCFAs. They are produced by bacterial fermentation of dietary

fiber in anaerobic conditions. 95% of the SCFAs produced in the intestines are 3 acids:

butyric acid (butyrate), acetic acid (acetate), and propionic acid (propionate), and in smaller

amounts lactic acid [23, 45]. The main producers are bacteria of the genus Clostridium spp.,

Eubacterium spp., Fusobacterium spp., Butyrivibrio spp., Megasphaera elsdenii, Mitsuokella

multiacida, Rosburia intestinalis, Faecalibacterium prausnitzii, and Eubacterium hallii [46].

Butyrate is a primary source of energy for colonocytes while stimulating their growth and

differentiation. SCFAs have many functions in the human body. They support the

development of beneficial intestinal microorganisms while inhibiting the development of

pathogenic bacteria such as E. coli, Campylobacter sp., or Salmonella sp., which compete

with healthful microflora for space to colonize [25, 47]. In addition, SCFAs support the

regeneration and proper functioning of the intestinal epithelium, stimulate mucus production,

maintain appropriate intestinal pH, and protect the gastrointestinal tract from microbiota

disorders. Moreover, they strengthen the intestinal barrier by limiting the absorption of inulin,

which promotes the development of beneficial microflora. SCFAs also have anti-

inflammatory effects, including inhibiting inflammatory mediators, reducing IL-8 secretion,

and blocking the proinflammatory cytokine cascade [25]. The deficiency of bacteria-
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producing SCFAs can lead to brain disorders. Studies on mice deprived of bacterial

microbiota have shown serious problems in the development of microglial cells [48] and

changes in the neurotransmitter and receptor systems in various areas of the brain [49]. The

most important factor seems to be the observed increase in serotonin levels in the

hippocampus with a simultaneous reduction in the expression of its receptors. In mice with

gut dysbiosis, significant abnormalities in the functioning of some cells were improved after

the restoration of a diverse microbiota [50]. What is more important, SCFAs supplementation

also improved the functioning of microglial cells [49].

Depression

Major Depressive Disorder (MDD) is a mental disease that is one of the most common causes

of disability, morbidity, and mortality in developed countries. Due to its prevalence and the

consequences it has, MDD remains a serious challenge for today's medicine [51].

More than 264 million people suffer from this disease worldwide, of whom about 800

thousand commit suicide each year. However, it is calculated that the number of people

suffering from depressive disorders, both clinical and subclinical, may be much bigger, but

these people remain undiagnosed [52, 53].

The main symptoms of MDD include low mood, reduced energy or increased fatigue, loss of

interest or anhedonia, unjustified feelings of guilt, disturbances in cognitive processes such as

concentration and memory, thoughts of resignation or suicidal thoughts and tendencies,

anxiety, somatic complaints, lowered appetite, weight loss, and sleep problems. To be able to

make a diagnosis of MDD, these signs must persist for at least 14 days [54].

The consequences of depression are very diverse and include a deterioration in the quality of

life, health problems, impaired social functioning, increased unemployment, reduced

productivity, and a raised need for support from the healthcare system [55].

The exact mechanisms of the development of MDD are still unproven, but scientists suggest

that a hypothesis based on deficiency in monoamine neurotransmitters such as serotonin,

norepinephrine, and dopamine is the most probable one [56]. An equally important factor is
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chronic inflammation in the organism, which leads to raised levels of proinflammatory

cytokines and activation of microglia and astrocytes in the brain. Such changes can influence

the functioning of the nervous system, behaviors, and emotions, which contributes to the

development of MDD [57].

As mentioned above, gut-brain communication is bidirectional. In this communication, the

gut microbiota plays a key role. Clinical studies have shown significant changes in the gut

microbiota composition in patients with MDD compared to healthy people. They mainly

consisted of an increased number of Bacteroidetes and Proteobacteria bacteria and a reduced

number of Firmicutes, Bifidobacterium, and Lactobacillus. [58, 59, 60]. Moreover, the

presence of bacteria producing SCFAs, such as Coprococcus, is associated with a better

quality of life manifested by physical and emotional well-being, vitality, and good social

functioning. In people with depression, there is a decrease in the number of Coprococcus

bacteria [61]. Studies have also shown that the use of probiotics can improve mental health by

restoring the proper composition of the gut microbiota, which also confirms the significant

associations between depression and the gut microbiota [62].

Direct or indirect production of neurotransmitters by gut microbiota significantly affects

receptors in the central nervous system or peripheral receptors belonging to neuronal or

immune cells. This statement can be confirmed by the study in which chronic

supplementation of L. rhamnosus to mice converted the expression of GABA A and GABA B

receptors along with changes in brain activity levels, resulting in reduced symptoms of

anxiety and depression [63]. Increased production of serotonin (5-HT) in the gut does not lead

to raised central 5-HT concentrations because of the BBB. Central 5-HT levels may be

increased by intensified production in the gastrointestinal tract of its precursor, known as

tryptophan [64, 65].

SCFAs are produced in the colon by anaerobic fermentation of indigestible carbohydrates.

Their functions include cross-feeding other bacteria and, after absorption in the large intestine,

modulating the function of the immune, digestive, and nervous systems. Studies in mice have

shown that the supplementation of the three most important SCFAs- acetate, butyrate, and

propionate- can relieve symptoms of depression [66]. Another study confirmed that a group of

patients with MDD had lower levels of some gut microbiomes, including butyrate-producing

bacteria [67]. This suggests that changes in these gut bacteria may be involved in the

pathogenesis of MDD .
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The gut microbiota has an important role in psychiatric disorders at the intestinal level, which

is associated with the weakening of the intestinal barrier, typical of intestinal dysbiosis. This

is about the LGS already discussed. The weakening of this barrier is associated with the

displacement of various substances outside the intestinal tract and the induction of a

generalized inflammatory reaction. Increased production of proinflammatory cytokines in

patients with symptoms of depression is a common result in clinical studies. These cytokines

include IL-1β, IL-6, TNF-α, interferon-gamma, and increased concentration of C-reactive

protein. It is known that the gut microbiota regulates the transcription of these cytokines, and

dysbiosis activates the inflammatory reaction [68]. On the other hand, beneficial metabolites,

such as SCFAs, limit the production of proinflammatory cytokines, including IL-1 [69].

Another important component of the pathogenesis of depression is the HPA axis, which

modulates the stress response. The hypothalamus, as a result of the secretion of CRH,

stimulates the pituitary gland to synthesize and release ACTH into the blood vessels. ACTH

causes the release of cortisol from the adrenal cortex. Excessive activity of this axis leads to a

proportionate increase in cortisol levels, which can affect the changes in intestinal integrity,

motor function, mucus production, and the composition of the gut microbiota, intensifying the

symptoms of depression [70].

Standard therapy for MDD includes antidepressants, such as selective serotonin reuptake

inhibitors (SSRIs), tricyclic antidepressants (TCA), and monoamine oxidase inhibitors

(MAOIs). They affect on availability of neurotransmitters in the synaptic cleft. However,

these therapies have some restrictions, including delayed onset of activity, increased tolerance,

side effects, the necessity to stop the treatment after 2 years, and limited effectiveness after

longer periods of use [71]. Therefore, new therapeutic strategies are desired, and the

modification of the gut microbiota is one of the very promising directions. Studies indicate

that fecal microbiota transplantation (FMT) and probiotic supplementation can have a

beneficial effect on mental health and alleviate symptoms of depression. Thanks to more

advanced technologies, research on the gut microbiota as a potential therapeutic purpose is

gaining momentum and provides new hope for patients with MDD [17, 18].

Treatments of Depression

Traditional Treatment
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Traditional methods of curing depression include psychotherapy, pharmacotherapy, and

electroconvulsive therapy, and the selection of the appropriate form of therapy depends on the

stage of the disease. Psychotherapy and pharmacotherapy are the most often chosen in

patients with mild or moderate symptoms. In turn, electroconvulsive therapy is reserved for

severe degrees of depression, especially life-threatening or resistant to other forms of

treatment. Pharmacotherapy is mainly based on the use of SSRIs [18]. It is worth emphasizing

that the latest studies show that traditional depression medicines affect not only the nervous

system but also the intestinal microbiota. For example, serotonin, in addition to its

antidepressant effect, also helps improve the structure of the intestinal microbiome [72].

However, the traditional cure for depression has limitations, such as delayed activity, drug

tolerance, insufficiently satisfactory effects, and side effects. For this reason, the search for

new forms of therapy, including the use of intestinal microbiota, is currently the subject of

many studies [73].

Diet

Diet has a fundamental role in creating and modulating the gut microbiome. Clinical studies

show that dietary changes within 24 hours can have a positive impact on the gut microbiota

[74]. Therefore, improving the diet and introducing healthy eating habits can be valuable

support in the treatment of depression. Combining a healthy lifestyle with the Mediterranean

diet (MD) or ketogenic diet (KD) can protect against the development of depression [73, 75].

On the other hand, a Western diet rich in calories, saturated fats, and sugars leads to gut

dysbiosis, promoting the proliferation of pro-inflammatory bacteria and limited functioning of

beneficial ones, producing SCFAs. This causes inflammation, oxidative stress, and impaired

neurogenesis. In turn, Mediterranean, ketogenic, as well as vegetarian or vegan diets are

associated with a lower risk of depression by promoting microbiota balance, reducing

inflammation, and increasing brain-derived neurotrophic factor (BDNF) and GABA levels [73,

76, 77].

Prebiotics, probiotics, and postbiotics
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Prebiotics, probiotics, and postbiotics are other promising courses of research in depression

therapy.

 Prebiotics are non-digestible food ingredients, mainly polysaccharides, that support

the growth and activity of beneficial microorganisms that colonize the human

digestive tract. Through bacterial fermentation, prebiotics contribute to the production

of SCFAs, such as butyric acid, acetic acid, or propionic acid. They support intestinal

well-being, high level of immunity, and increased mineral absorption. Prebiotics can

be a source of energy for the gut microbiome, and work antagonistically against

pathogenic bacteria [8,78,79].

 Probiotics are alive microorganisms that have a beneficial effect on the organism

when supplemented in appropriate amounts. Probiotics support the structure of the gut

microbiota and improve the function of the intestinal barrier by developing a healthy

mucosal layer and inhibiting endotoxemia [80, 81]. In addition, they reduce

inflammation by inhibiting the induction of the cytokine IL-8 in the human colon

epithelium [82]. The most commonly used strains are Lactobacillus, Bifidobacterium,

and selected strains of Streptococcus and Enterococcus. Most bacteria are acquired at

birth and then adapted depending on the diet. In healthy people who follow a balanced

diet, there is a proportion in the composition of the intestinal microbiota. Otherwise,

there are indications to consider additional supplementation of probiotic bacteria [83].

 Postbiotics are inactivated microorganisms and their metabolites that support health

similar to probiotics by maintaining the function of the epithelial barrier, modulating

immunity, and influencing metabolism [8, 84].

Clinical studies have shown that probiotics have more significant potential than prebiotics or

postbiotics in relieving symptoms of depression [8]. In one research, patients with

intermediate-stage depression were given a symbiotic in combination with fluoxetine, which

resulted in notable reductions in symptoms compared to the placebo group [85].

Although there is a need for additional research, it is already evident that probiotics and

dietary interventions, mainly the MD, can complete standard antidepressant treatment and
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reduce the side effects of the drugs [73]. To prevent neurological disorders it is crucial to

avoid dysbiosis, especially during pregnancy and early childhood [17].

Summary: The reviewed research papers and articles confirm that disorders in microbiota

composition contribute to the development of mental and psychiatric diseases. Understanding

the bidirectional gut-brain axis delivers valuable insights for creating new therapies. Diet

influences the gut microbiota and the production of its metabolites in the gut. Research on

probiotic supplementation highlights the connection between microbiota and mood disorders,

as well as probiotics' potential in alleviating symptoms. This paves the way for alternative

treatments for mood disorders.

Conclusions: This review analyzed the two-way communication between the gut and brain

through the gut-brain axis, focusing on the role of gut microbiota in the development of

depression. To better understand these connections, further research needs to investigate gut

bacteria in larger populations with mental disorders, including the impact of medications and

diet. Expanding this knowledge is crucial for developing prevention strategies and new

treatments for mental health conditions. Next studies should focus also on determining the

optimal doses, timing, and combinations of probiotics with current standard pharmacotherapy

(antidepressants) to maximize the effectiveness of therapy.
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