
Probiotics Suppress the Depression: A Look
at the Possible Mechanisms of Action 15
Leila Khalili and R. Z. Sayyed

Abstract

Manipulating the intestinal microbiota for the benefit of the mental health is a
concept that has become widely acknowledged. Emerging evidence suggests that
modifying the composition of the gut microbiota via probiotic supplementation
may be a viable adjuvant treatment option for individuals with depression. The
aim of this chapter is to illustrate the possible pathways through which gut
microbiota may influence depression. PubMed, Scopus, and Web of Science
databases were searched by using “probiotics”, “depression”, and “mechanism”

key words for searching the studies aiming the application of probiotics and the
beneficial effects of them in depression control and/or treatment. Findings of
relevant studies suggest that probiotics could be considered as a promising
adjuvant treatment to improve depression. The results of previous investigations
suggest that modulation of inflammation, affecting the hypothalamic-pituitary-
adrenal (HPA) axis, and interference with neurotransmitter signaling are the
potential pathways through which probiotics may influence depression.
Probiotics can alleviate depressive symptoms through several mechanisms; how-
ever, additional studies are necessary.
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15.1 Introduction

Depression is a common mental disorder, which can be long-lasting or recurrent,
substantially impairing an individual’s ability to function in their daily life (Vilagut
et al. 2016). In recent years, there has been major interest in exploring the link
between the health of the gut and mental health (Schmidt 2015a, b). Several
pathways have been identified that describe how gut microbiota may influence
depression (Uher and McGuffin 2010). Altered microbiota has been linked to
neuropsychological disorders such as depression. Traditionally, depression has
been treated with a range of therapies including antidepressants and talking
therapies; however, research has started to emerge which suggests that probiotics,
live microorganisms that exert health benefit on the host when ingested in adequate
amounts, may significantly reduce the symptoms of depression. Fortunately, studies
have indicated that gut microbiota may be modulated with the use of probiotics,
antibiotics, and fecal microbiota transplants as a prospect for therapy in microbiota-
associated diseases. Probiotics are regulated as dietary supplement foods and now
are available in capsules, tablets, packets, or powders and are contained in various
fermented foods, most commonly yoghurt or dairy fermented drinks. The primary
rationale for using probiotics involves restoring microbial balance. The administra-
tion of probiotics which contains beneficial bacteria may restore the microbial
balance in the gastrointestinal tract (Li et al. 2020). It has been argued that gut
microbiota may play a role in bidirectional communication between the gut and the
central nervous system (Arneth 2018). The aim of this chapter is to illustrate the
possible pathways through which gut microbiota may influence depression.

15.2 Neurological Disorders and Gut-Brain Axis

The gut is closely connected to the brain via 200–600 million neurons (Furness
2006). Bidirectional communication between the gut and the brain has long been
recognized; that is, signals from the brain can influence the motor, sensory, and
secretory modalities of the gastrointestinal (GI) tract and, in turn, visceral messages
from the gut can influence brain function (Grenham et al. 2011; Tabrizi et al. 2019)
(Fig. 15.1). Recently, there is expanding evidence for the view rethinking the
gut-brain axis as the concept of a gut microbiota-brain axis due to the crucial role
of gut microbiota in the bidirectional gut-brain axis (Cryan and Dinan 2012). It is
now well recognized that the organisms of the gastrointestinal tract make important
contributions to health and disease, including mood and cognition, and psychopa-
thology. Nevertheless, we are still a long way from understanding the potential
mechanisms underlying this connection complexity.

Although it has long been recognized that major disturbances in gut flora can
affect central nervous system function, it is only now emerging that “normal” gut
microbiota might have a role in mood and psychopathology (Forsythe et al. 2010).
Both endocrine and neural pathways are involved in signaling gut immune responses
to the brain. The neural pathways involved in the microbiome-gut-brain axis include
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the sympathetic and parasympathetic autonomic nervous system and the local enteric
nervous system.

Modulation of gut microbiota through consumption of probiotics might improve
health by replacing harmful microbes with useful ones (Hemarajata and Versalovic
2013). It is believed that the primary mechanisms of action of probiotics are to
contribute to modify the composition and function of the gut microbiota. The effect
of gut microbiota on the brain can be established through several mechanisms. One
of these involves the inhibition of histone deacetylase activity induced by the short-
chain fatty acids (SCFAs) which are the end products of prebiotic fermentation by
intestinal microorganisms. This may be responsible for the imbalance in histone
acetylation levels and transcriptional dysregulations observed in neurodegenerative
disorders (Dinan and Cryan 2017). Another proposed mechanism of interconnection
of the gut and the brain is related to a direct effect of SCFAs on GI cells. This induces

Fig. 15.1 The bidirectional communication between the gut and the nervous system (Grenham
et al. 2011)
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the production of hormones, such as leptin, which have a beneficial impact on the
central nervous system and, consequently, on memory and cognition (Rea et al.
2016). Another mechanism to be considered when linking gut microbiota and brain
activity involves the interference of gut microbiota in the levels of different
neurotransmitters and neuromodulators, particularly serotonin, γ-aminobutyric
acid, and dopamine (Dinan and Cryan 2017). Dysregulation of brain activities
promoted by dysbiosis may have a tremendous impact on a number of diseases,
notably in mood disorders (Umbrello and Esposito 2016). The hypothalamic-
pituitary-adrenal (HPA) axis is another interesting mechanism that makes the bridge
between the gut and the brain (Berding and Donovan 2016). The HPA axis regulates
the adaptive responses to stressors, such as environmental stress or systemic
pro-inflammatory cytokines, in vertebrates. Activation of the HPA axis leads to
the secretion and release of the corticotropin-releasing factor (CRF) from the hypo-
thalamus and of the adrenocorticotropic hormone from the pituitary gland, resulting
in the production of cortisol from the adrenal glands (Carabotti et al. 2015). It has
been reported that gut microbiota may modulate the HPA axis, which, in turn, may
regulate gut microbiota (Carabotti et al. 2015). However, the routes of communica-
tion between the gut microbiota and the brain are not fully elucidated, possibly
through neural, endocrine, and immune pathways, which could be affected by gut
microbiota or microbiota-generated metabolites.

15.3 Probiotics and Depression

Several studies have used an overall diet approach to evaluate the association
between nutrition and mental health (Akbaraly et al. 2009; Sánchez-Villegas et al.
2009), but there is also considerable research looking at isolated nutrients and their
impact on mental health. Central to this research are probiotics (Dinan and Quigley
2011). Probiotics are transient entities that colonize the GI tract and influence
various pathways. It has been well established that probiotics have therapeutic
effects on many GI disorders (Elangovan et al. 2019); however, with the emergence
of the gut-brain axis, it has been discovered that their therapeutic effects extend
beyond the gut and into the central nervous system (Mörkl et al. 2020). In recent
years, there has been major interest in exploring the link between the health of the
gut and mental health (Schmidt 2015a, b). Modulation of inflammation, affecting the
hypothalamic-pituitary-adrenal (HPA) axis, and interference with neurotransmitter
signaling are the potential pathways through which gut microbiota may influence
depression (Uher and McGuffin 2008). It has been found that treatment with
probiotics may improve symptoms associated with MDD (major depressive disor-
der) by increasing neurotransmitters’ availability and/or decreasing levels of inflam-
matory markers. The potential of probiotics to be used as a novel treatment for MDD
could have a major impact on those seeking antidepressant treatment by reducing the
stigma, latency, and side effects associated with typical antidepressants (Wallace and
Milev 2017). Despite extensive preclinical data, the clinical effects of probiotics on
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mental health have yet to be studied comprehensively in a sample of depressed
patients.

15.4 Mechanisms of Probiotics’ Antidepressant Effect

15.4.1 Modulation of Inflammation

During the past decade, there has been renewed interest in the relationship between
the brain, gut microbiota, and immune system, as well as in the study of microbiota
changes as a possible source of inflammatory activity in mood disorders. In other
chronic conditions, such as irritable bowel syndrome (IBS), inflammatory bowel
disease (IBD), diabetes, and obesity, the association between gut microbiota com-
position, inflammation, and depressive symptoms has been attributed to a process
known as intestinal dysbiosis (Pflughoeft and Versalovic 2012). Intestinal dysbiosis
is conceptualized as a state in which there is an alteration of normal intestinal
microbiota and has been highly associated with chronic low-grade inflammation in
humans (Cani and Delzenne 2009). Consequently, it has been hypothesized to be
involved in the pathophysiology of MDD (Rogers et al. 2016).

The results of animal studies, particularly those involving manipulation of the
microbiota, support the association between microbiota abnormalities and
depressive-like behaviors. Such studies have opened up new avenues of investiga-
tion for the pathophysiology of MDD as well as for the development of novel
treatment interventions. The cumulative evidence suggests that modifying the com-
position of the gut microbiota, for example, using a probiotic, might be a viable
treatment option for individuals with MDD (Park et al. 2018).

One possible pathway through which probiotics initiate their psychotropic effects
is the link between gut bacteria and immunity. Immunoglobulin A and immuno-
globulin M mediate inflammation and responses to lipopolysaccharide which have
been shown to be elevated in depressed patients (Maes 2011). Moreover, a link has
also been made that implicates higher inflammatory interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-α) in depressed patients (Dowlati et al. 2010). Research
within an animal model has shown that gastrointestinal inflammation appears to
induce anxious behavior and cause alterations to the central nervous system bio-
chemistry (Bercik et al. 2011).

Previously, the effects of probiotic supplementation on the biomarkers of inflam-
mation have been reported (Badehnoosh et al. 2018). As the circulating levels of
inflammatory biomarkers might be reduced by modulating gut bacteria composition,
the therapeutic application of probiotics in mood disorders would seem a reasonable
proposition. It has been demonstrated that fecal microbiota transplantation (FMT)
from depressed humans to germ-free (GF) mice increased depressive-like behavior
in recipient mice (Zheng et al. 2016). The findings from this study provided the
rationale for an ongoing clinical trial with the primary aim of evaluating the effect of
FMT capsules versus placebo on depressive symptoms in patients with MDD. One
clinical trial has been conducted that examined the effects of probiotic
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supplementation on symptoms of depression in patients with MDD (Akkasheh et al.
2016). The study was an 8-week randomized, double-blind, placebo-controlled trial
that included 40 patients with DSM-IV-defined MDD. The probiotic capsule
contained three viable, freeze-dried strains of Lactobacillus casei, Lactobacillus
acidophilus, and Bifidobacterium bifidum. The results indicated that patients receiv-
ing the probiotic intervention had significantly lower Beck Depression Inventory
scores compared to placebo. Notably, the researchers also found significant
reductions in inflammatory marker, serum hs-CRP, in the probiotic intervention
group compared to placebo.

An anti-inflammatory mechanism is underlying the antidepressant effects of
probiotics (Park et al. 2018). There is adequate evidence supporting that (1) inflam-
mation is implicated in the pathophysiology of depression and (2) probiotic con-
sumption reduces inflammation. Considering the potential link between peripheral
and brain inflammatory activation, a corollary of the finding that probiotics reduce
peripheral inflammation is that probiotics also reduce brain inflammation. As such, it
could be conjectured that probiotics have therapeutic efficacy in other disorders
characterized by brain inflammatory activation. However, brain inflammation is a
complicated notion with disparate etiological roots and therefore overlapping etiol-
ogy may be a prerequisite in this regard. The anti-inflammatory mechanism was
evaluated in a recent study conducted by Abildgaard et al. (2017). In the study, rats
treated with a probiotic mixture containing eight different Bifidobacterium and
Lactobacillus species displayed significantly reduced depressive-like behaviors
compared to rats treated with a vehicle control. Importantly, this reduction in
depressive-like behavior was correlated with a reduction in the level of circulating
pro-inflammatory cytokines (i.e., TNF-α, IL-6) (Abildgaard et al. 2017). Consider-
ing the anti-inflammatory properties of probiotics, it is possible that probiotic
treatment may be effective in a subgroup of depressed individuals with elevated
inflammation. However, continued research in this domain is warranted.

15.4.2 Hypothalamic-Pituitary-Adrenal (HPA) Axis
and Neurotransmitter Signaling

The hypothalamic-pituitary-adrenal (HPA) axis principal purpose is to maintain
homoeostasis to physical and psychological stress. Disruption of the HPA axis has
been implicated in the pathogenesis of mood disorders (Cleare 2004). Research
using rats has found that probiotics are able to interfere with the HPA response to
acute physiological stress, and according to Naseribafrouei et al. (2014), this would
indicate a mechanistic connection linking the gut microbiota, HPA, and mood
disorders.

Increased expression of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α, inter-
feron gamma (IFN-γ), and C-reactive protein (CRP)) is repeatedly observed in
patients suffering from depression and has been associated with specific symptoms
of depression (Wallace and Milev 2017). This overall increase in inflammation
contributes to depressive symptoms by activating the HPA axis, as well as reducing
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the availability of neurotransmitter precursors and altering neurotransmitter metabo-
lism. This inflammation can be caused by increased intestinal permeability. When
the tight junctions of the gastrointestinal lining become compromised and perme-
ability increases, it allows toxins and other forms of waste to leak into the blood-
stream. Namely, gut-derived endotoxins called lipopolysaccharide (LPS) molecules
are found in the outer membrane of gram-negative bacteria. These endotoxins trigger
immune activation through Toll-like receptor 4 (TLR4) (Kawai et al. 2001), causing
the body to mount a global immune response. It is hypothesized that probiotics may
exert their therapeutic effects on the central nervous system by improving the
integrity of the gastrointestinal lining, reducing the ability of endotoxins to leak
into the bloodstream, and, in turn, decreasing global inflammation. The reduction of
this inflammation may result in improved regulation of the HPA axis and neuro-
transmitter activity.

Direct interference with transmitter signaling may also be linked to depressive
states. Gamma-aminobutyric acid (GABA), an inhibitory neurotransmitter, can be
produced by intestinal bacteria, and probiotics can modify depressive behavior from
GABA signaling, at least in the rat model (Bendtsen et al. 2012). These findings
appear to indicate the potential benefits of the normalization of intestinal microbiota
in the regulation of mood and suggest that probiotic bacteria may serve as a
therapeutic treatment for depression. Moreover, there is robust evidence that
demonstrates probiotics’ ability to change behavior and improve the mood, anxiety,
and cognition of rodents by altering neurotransmitter activity. Findings suggest that
probiotics have a positive impact on the central nervous system by regulating critical
neurotransmitters implicated in depression.

Serotonin, a monoamine neurotransmitter, is biosynthesized from the essential
amino acid tryptophan, both in the central nervous system and the gastrointestinal
tract. In the central nervous system, it is involved primarily in regulating stress and
emotions, appetite, and sleep. In the gastrointestinal tract, it is responsible for key
functions such as gastrointestinal motility and intestinal secretions. Alterations in the
microbiome have been shown to profoundly influence neurotransmission of seroto-
nin in both the peripheral and central nervous systems. It is hypothesized that
probiotics in the GI tract improve central nervous system symptoms associated
with MDD by increasing production of free tryptophan and, in turn, increasing
serotonin availability (Wallace and Milev 2017). This increase in serotonin may
facilitate regulation of the HPA axis and reduce depressive symptoms caused by a
depletion of the neurotransmitter.

15.5 Conclusion

Probiotics are proposed to have a range of health benefits. There is an increasing
body of research which has reported that the microbiota of the intestines may
function beyond the gut. And it is clear from research that probiotics might have
favorable effects on mood and psychological problems. Through normalizing basal

15 Probiotics Suppress the Depression: A Look at the Possible Mechanisms of Action 333



intestinal microbiota, applications of particular probiotics appear to improve
immune response and reverse the behavioral effects of depression.
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