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This comprehensive entry examines the different bacterial metabolites that potentially have implications for mental

health issues such as depression.

microbiota depression gut

| 1. Introduction

Depression is currently ranked fourth among the causes of disability worldwide &I, Every fifth person in developed
countries has been subject to a depressive disorder at some point, and the situation is even worse in third world
countries. Depression is the most common type of psychiatric disorders today, making antidepressants some of the
most commonly prescribed drugs Bl According to the diagnostic and Statistical Manual of Mental disorders
(DSM-5), major depressive disorder (MDD) is diagnosed sustaining the following symptoms for at least two weeks:
depressed mood, excessive guilt, anhedonia, suicidal ideation, changes in appetite and sleep, psychomotor
retardation, poor concentration, and fatigue. MDD is a complex and heterogeneous psychiatric disorder and no

reliable biomarkers currently exist that have contributed to objective diagnoses and clinical therapy 4!,

The known mechanisms of origin, development, and maintenance of a depressive state are multifactorial and are
determined by polymodal changes in the metabolic, immune, endocrine, gastrointestinal, and central nervous
systems (CNS) [l The gastrointestinal tract with its microbiota interacting with external environmental signals,
stress, nutrients, internal systems, including the brain, may be involved in the development of depressive states too
(8. There is ample evidence for an association between the GM and the pathophysiology of depression [Z. Different
stress (social or emotional, chemical, physical, a poor diet, etc.) have the potential to alter the taxonomic
composition of bacterial communities in the gut, and, as a result, leads to changes in various metabolic pathways
8. This leads to a systematic inflammatory process, which covers the other systems and organs of humans. Over
the last decade, many literature reviews have described the relationship between the gut microbiome and
depression, each from a slightly different perspective RIIJILLIL2] At the current level of research, the most
important point is to identify various metabolite biomarkers that correlate with depressive states. Metabolic
syndrome is well-documented in MDD patients and 1.5 times higher than in the non-depressed population 13!,
Isolating those that can be determined directly or indirectly by the microbiome is of great importance, both for
creating diagnostic systems for identifying depression as a disease, and for choosing strategies aimed at restoring

the normal functioning of the microbiota and, through it, restoring human mental health.
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| 2. Role of the Gut Microbiome in the Gut-Brain Axis

The gut microbiota is conceptualized as a virtual organ playing a key role in maintaining homeostasis and health in
humans. The GM consists predominantly of bacteria which outnumber archaea, fungi, and viruses inhabiting the
intestines by a ratio of 10:1 [141. The collective genetic makeup of the GM contains 150 times as many genes as the
human genome, thereby expanding the natural capacity of humans 15, Numerous current studies of the GM
revealed its active involvement in the bidirectional communication between the gut and the brain. The discovery of
the microbiota-gut-brain axis (MGBA) induced scientists to study the role of the GM to neurological health LEI[17I18],
Clinical and experimental findings are evident of the interactions occurring locally between the GM and the
intestinal cells or the enteric nervous system (ENS), and also between this microbial community and the brain via
neuroendocrine and metabolic pathways. The human GM is capable of producing hundreds of metabolites that
directly affect most systems and organs, including the intestinal epithelium and the enteric nervous system, and
also the brain [,

The role of the intestinal symbionts in the development and function of the brain was studied in different animal
models 29, The obtained data demonstrate the enormous effect the commensals have on a wide range of
behavioral aspects, including social behavior, mood, and anxiety. MGBA covers a wide range of immune and
endocrine functions 211122 and is a key player in the initial stage of central nervous system (CNS) development in
humans 23] Disturbances in the harmonious interactions between the microbiota and its host during critical stages
of child’s development can cause profound damage to gut-brain signaling pathways and put an individual at risk for
psychiatric disorders later in life, including depression 181241 For instance, among the factors contributing to brain
diseases is early life exposure to harmful food derivatives and small molecules derived from microbial metabolism,
which first permeate into the bloodstream and then to the brain 22, Thus, the identification of damaging early life
events can help establish the causes of depression while diagnosing a patient. These include the exposure to

antibiotics, unbalanced nutrition, stress, and other factors 28],

So far, a few major mechanisms mediating the effects of the GM on the brain have been identified. Among these
are the activation of the vagus nerve (2728129 and the immune system BBl production of metabolites, and
compounds with neuroactive properties 283l Bacterial products participate in stimulation of central receptors,
peripheral stimulation of neural, endocrine, and immune mediators, and epigenetic regulation of histone acetylation
and DNA methylation, which are implicated in depression. (Figure 1).

The mechanisms found to be linked to depression also include a dysfunctional hypothalamic—pituitary—adrenal
(HPA) axis 4 immune-inflammatory, oxidative pathways [2!: altered vagus nerve tone [(8: region-specific
changes in brain-derived neurotrophic factor concentrations Z; and an imbalance between neural excitation and
inhibitory signaling [2&l.
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Figure 1. Schematic image of the role of the gut microbiome in the gut-brain axis.

Gut microbes may trigger neurotransmitter release via Toll-Like Receptor (TLR) signaling on epithelial, immune,
and neuronal cells B4 Bacteria can synthesize neuromodulators, stimulated specific epithelial cells of the
intestines, to secrete molecules responsible for signal transmission through the enteric nervous system B2,
Using their own signaling pathways, they regulate the release of neurotransmitters from enterochromaffin cells 411
[42][43][44] Bacteria are called vectors because they can deliver neuroactive compounds to the receptors of epithelial
cells. These bacteria-derived neuroactive compounds can play a significant role in modulating the signals of the
GM caused by changes in concentration of ions (K*, N*, Ca?*, CI, etc.), as well as exogenous agonists and
antagonists coming from food. Thus, bacterial neuroactive substances can control depolarization in the synaptic
area of neurons containing neurotransmitters. Bacteria can produce the neurotransmitters GABA, serotonin,
dopamine, and acetylcholine 441431 which can affect the emotional state by binding to specific receptors on nerve

and immune cells in the central and peripheral nervous systems [&l.
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Elucidating these mechanisms is crucial for understanding the etiology of depression and developing new

strategies aimed at harnessing the beneficial psychotropic effects of these molecules. It is also important to note

that not all bacterial metabolites are beneficial. Some metabolites are rather harmful and conducive to depression.
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