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Abstract: Major depressive disorder (MDD) and bipolar 
disorder (BD) are among the leading causes of burden and 
disability worldwide. Despite intensified research efforts 
to improve the treatment options and remission rates in 
mood disorders, no disease modifying treatment exists 
for these disorders. Accumulating evidence implicates the 
involvement of the gut microbiota in processes relevant 
to etiopathology of central nervous system-based disor-
ders. The objective of this article was to critically evaluate 
the evidence supporting the link between gastrointes-
tinal microbiota and mood disorders and to discuss the 
potential benefits of using probiotics in the treatment of 
MDD and BD. The concept of psychobiotics, which is bac-
terial-based interventions with mental health benefit, is 

emerging in the field. On the other hand, while probiotics 
might potentially represent a significant advance, specific 
roles of microbiota in the pathophysiology of mood disor-
ders still need further investigation along with interven-
tion studies.

Keywords: bipolar disorder; major depression disorder; 
microbiome; microbiota; mood disorders; probiotics.

Introduction
Major depressive disorder (MDD) and bipolar disor-
der (BD) are mood disorders and are among the leading 
causes of burden and disability worldwide (Collins et al., 
2011). Notwithstanding the progress in drug development, 
most individuals receiving treatment for a mood disorder 
do not achieve full symptomatic remission and functional 
recovery. Moreover, a substantial proportion of patients 
are not able to tolerate existing medicines (Leclerc et al., 
2013; Tondo et al., 2014). Despite the intensified research 
efforts to improve the treatment options for mood dis-
orders, no disease modifying treatments are currently 
available (Soczynska et al., 2009; Alsaif et al., 2013). The 
guideline-guided pharmacological treatments were not 
developed based on disease pathophysiology, and their 
impact in the neurobiology of those conditions remains 
incompletely understood (Dodd et al., 2013; Mansur et al., 
2013).

Although MDD and BD have been considered as 
mental disorders or brain disorders, a robust body of evi-
dence has indicated recently that mood disorder patho-
physiology may involve multiple organs and systems 
(Czepielewski et  al., 2013; Noto et  al., 2014; Rizzo et  al., 
2014; Maurya et al., 2016). Mood disorders have repeatedly 
been associated with increased medical burden, especially 
cardiovascular conditions, metabolic syndrome, and 
cancer (Perron et al., 2009; Crump et al., 2013). Recent evi-
dence also suggests that immune-inflammatory, oxidative 
stress, and metabolic mechanisms are directly involved in 
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mood disorder pathophysiology. For example, peripheral 
mediators of inflammatory dysregulation have been con-
sistently reported during mood episodes and euthymia 
in both MDD and BD (Brietzke et al., 2011; Modabbernia 
et al., 2013; Cattaneo et al., 2015).

Regarding possible systemic factors, microbiota has 
currently attracted interest in psychiatry. Microbiota is 
a term used to characterize an ensemble of microorgan-
isms that is present in one environment (Tralau et  al., 
2015). Human beings have groups of bacteria in several 
parts of the body, such as skin, mouth, vagina, and gut 
or gastrointestinal (GI) tract (Barbara et al., 2008; Rook 
et  al., 2014). Microbiota in the digestive tube is diverse 
and includes at least 1000 different species that together 
expresses more than 3  million genes. In fact, there are 
more bacteria in the gut (about 1014 bacterial organisms) 
than somatic cells of the human body. Colonization of 
the GI tract begins at birth and continues in early post-
natal phase and remains throughout the life (Alverdy 
et  al., 2014) with a recognized role in the development 
and shaping up the immune system (Smith et al., 2007; 
Fetissov and Déchelotte, 2011).

One third of the digestive microbiota is common to 
most people, and two thirds are specific to the individual. 
The microbial genomes (microbiome) encode essential 
proteins/enzymes necessary for metabolic functions that 
humans have not evolved wholly on their own, including 
the ability to extract energy and nutrients from general 
diet (Bercik et  al., 2011). Imbalances in GI microbiota 
have been referred as dysbiosis, which has been linked 
to several health problems such as allergies, obesity, and 
diabetes (Sun and Chang, 2014; Biedermann and Rogler, 
2015). In other words, the human being and gut microbi-
ota symbiotic relationship facilitates nutrient uptake and 
metabolism, also providing the necessary and inaccessi-
ble nutrients, for instance, the essential amino acids that 
cannot be synthesized by the organism and are needed for 
the synthesis of neurotransmitters such as serotonin (e.g. 
tryptophan) (O’Mahony et al., 2014).

Accumulating evidence has indeed indicated that the 
gut microbiota’s roles are involved in processes beyond 
those related to digestion, and it has been shown to be 
relevant to brain formation and function. Therefore, it 
is possible that microbiota abnormalities also play roles 
in the pathophysiology of central nervous system (CNS) 
illnesses (Borre et  al., 2014). Nonetheless, a large col-
lection of animal studies has revealed the diversity of 
the interaction between CNS and gut microbiota. The 
possibility of a bidirectional relationship between gut 
microbiota and brain has long been recognized and is 
thought to occur mainly through the autonomic nervous, 

enteric nervous, and immune systems (Foster and McVey 
Neufeld, 2013). The foregoing observations have sup-
ported a series of hypotheses on the modulatory effects 
of variations in the microbiome, microbiota-derived 
products, exogenous antibiotics, and probiotics, as well 
as on neuro-immune and neuro-psychiatric disorders 
(Wang and Kasper, 2014).

The objectives of this study were to critically evalu-
ate the evidence(s) for a putative link between micro-
biota and mood disorders and discuss the hypothesis of 
a potential usefulness of probiotics in the treatment of 
MDD and BD.

Microbiota and the CNS
In 1907, Eli Metchnikoff, a Nobel prize winner, suggested 
that ‘the dependence of intestinal microbes on food 
makes it possible to adopt measures to modify the flora in 
our bodies and to replace the harmful microbes by useful 
microbes’. Metchnikoff proposed the hypothesis that the 
aging results from the proteolytic activity of putrefac-
tive microbes producing toxic substances in the large 
bowel (Sharma et al., 2014). Proteolytic bacteria such as 
Clostridia, which are part of the normal gut microbiota, 
produce toxic substances including phenols, indols, and 
ammonia from the digestion of proteins (Hughes et  al., 
2000). According to Metchnikoff, these compounds were 
responsible for what he named as ‘intestinal auto-intox-
ication’, which has the ability to cause several physical 
changes, including those associated with aging (Bested 
et al., 2013).

Among the multiple putative effects of microbiota 
in the body, several studies have shown an association 
between gut microbiota and brain development and 
behavior (Cryan and O’Mahony, 2011; Diaz Heijtz et al., 
2011). Studies with germ-free mice suggested that these 
animals had a higher hypothalamus-pituitary-adrenal 
(HPA) axis responsivity to stress (Sudo et  al., 2004), as 
well as behavioral changes, such as repetitive behav-
iors that were considered to mimic symptoms of autism 
(Desbonnet et  al., 2014). Diaz Heijtz et  al. (2011) dem-
onstrated that colonization of germ-free mice early in 
life, but not in adults, could normalize several behav-
ioral alterations, such as anxiety-like and motor activ-
ity abnormalities, as also recently reviewed by Ianiro 
et al. (2014). This evidence supports the gut microbiota 
contribution to a kind of developmental programming, 
in a ‘window of vulnerability’ within which the gut 
microbiota can influence physiological functions, with 
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potential lifelong consequences. In addition, changes 
in gut microbiota could lead to long-term modifications 
of synaptic transmission affecting motor control and 
anxiety-like behavior in adult life. The perinatal period 
appears to be critical for this type of developmental 
programming, due to the ability of the gut microbiota 
to modulate some systems such as the HPA axis, which 
occur after germ-free mice are exposed to gut microbiota 
in early postnatal development stage (i.e. before 6 weeks 
of age) (Dominguez-Bello et al., 2010; Diaz Heijtz et al., 
2011). There are also similar data implicating micro-
biota-induced behavioral changes as being partially 
mediated by an increased turnover of monoamines and 
of synaptic-related protein expression in the striatum, 
such as synaptophysin (Bravo et  al., 2012). The finding 
that germ-free animals display behavioral changes has 
been consistently replicated by multiple research groups 
using different mice strains (Ley et al., 2008; Diaz Heijtz 
et al., 2011). Using another approach, Bercik et al. (2011) 
have shown that NIH Swiss mice that received a mixture 
of antibiotics presented increased anxiety-like behavior, 
measured using a step-down test, which was reverted 
by restoring commensal microbiota (Bercik et al., 2011). 
Moreover, germ-free NIH Swiss mice that were colonized 
with microbiota from Balb/C, which has naturally a 
more anxious behavior, displayed anxiety-like behav-
ior, characterized by diminished exploratory behavior 
(Bercik et al., 2011).

The influence of gut microbiota on brain function 
also introduces the possibility of a new relevant modula-
tor for cognitive functions with potential to be explored 
and widely exploited. There are few studies assessing the 
impact of microbiota on cognitive performance. One of 
the first, conducted by Gareau et al. (2011), evaluated the 
new memories formation in mice infected with the Gram-
negative pathogenic bacterium Citrobacter rodentium. 
Infected mice that were submitted to stress conditions 
presented deficits of nonspatial memory even after the 
resolution of the infection. Interestingly, pretreatment 
with probiotics was capable of preventing the cognitive 
deficit, partly by restoring the hippocampal brain-derived 
neurotrophic factor (BDNF) and c-Fos expression (Gareau 
et al., 2011).

The exact mechanism(s) involved in the brain function 
modulation by microbiota is not completely understood, 
and possibly several pathways are involved depending on 
the individual, the pathogen, and the interaction between 
them. For example, Goehler et  al. (2005) suggested that 
infectious microorganisms such as Campylobacter jejuni 
initially communicate with the brain via peripheral 
sensory nerves. While in late stages, communication is via 

immune activation mediators, such as cytokines (Goehler 
et al., 2005).

The main pathways of microbiota influence in CNS are 
summarized below.

Autonomic nervous system

To test the hypothesis that local infection in the gut 
activates vagal sensory neurons Goehler et  al. (2005) 
conducted an experiment with mice aiming to assess 
expression of the neuronal activation marker c-Fos in 
neurons in the vagal sensory ganglia and in the primary 
sensory relay nucleus for the vagus, the nucleus of the sol-
itary tract (nTS). The mice were treated orally either with 
saline or live C. jejuni. Oral inoculation with C. jejuni led to 
a significant increase in c-Fos expression in neurons bilat-
erally in the vagal ganglia, in the absence of elevated levels 
of circulating proinflammatory cytokines. Campylobacter 
jejuni treatment activated neurons in the nTS, as well as 
in brain regions associated with primary viscerosensory 
pathways and the central autonomic network.

Immune system

Mood disorders are recognized in some circumstances as 
inflammatory conditions, as there is robust evidence for 
increases in proinflammatory cytokines in both MDD and 
BD (Brietzke et al., 2011; Modabbernia et al., 2013; Duffy 
et al., 2014; Noto et al., 2014). Nevertheless, the origin of 
inflammation in these psychiatric disorders is not well 
understood. Current theories include a multiplicity of 
possible pathways such as genetic variation in cytokines 
genes (Brietzke and Kapczinski, 2008; Cerri et al., 2010; 
Rafiei et  al., 2013), immune reprograming caused by 
Toxoplasma gondii infection (Hamdani et al., 2013), dis-
ruptions in blood-brain (Patel and Frey, 2015), premature 
aging of the immune system (Noto et al., 2014), HPA axis 
activation caused by stress (Wieck et al., 2014), presence 
of general medical comorbidities (Mansur et  al., 2015), 
also secondary to circadian rhythm alteration, autoan-
tibodies against brain proteins (Steiner and Bogerts, 
2015), and diet-generated humoral immune activation 
(Severance et al., 2010).

The translocation of commensal microbiota across 
the GI barrier has been largely recognized as a stimulus 
for a persistent state of low-grade immune activation 
and has been considered a candidate from the long list 
of factors involved in persistent inflammatory activation 
in mood disorders. Indeed, in nonpsychiatric conditions, 
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both observational and experimental evidence indicates 
that microbiota can modulate the immune response, 
changing the clinical expression of the disease (Sever-
ance et al., 2015). Lukens et al. (2014) showed in an animal 
model that diet can modulate the microbiota (high-fat 
diet induces a decrease in prevotella), which in turn 
offered protection against inflammatory bone disease. 
In addition, there are consistent evidence that changes 
in microbiota have effects on Crohn’s disease and other 
inflammatory bowel diseases (Morgan et al., 2012; Gevers 
et al., 2014; Severance et al., 2014) in rheumatoid arthritis 
(Wu et al., 2010; Scher and Abramson, 2011), type I dia-
betes (Kriegel et al., 2011; Suez et al., 2014), and allergic 
diseases (Hong et al., 2010; Nakayama et al., 2011; Pérez-
Losada et al., 2015).

Microbiota and mood disorders
Although discussions on the hypothesis of a microbiome 
influence in the development of mood disorders in the last 
few years have advanced, limited experimental studies 
that directly address this issue can be found.

Animal studies

One possible strategy to study the link between mood 
and microbiota in animals is the induction of depressive-
like behaviors to observe the effects on microbiota. Park 
et  al. (2013) induced depressive-like behavior in female 
C57BL/6 mice through bilateral olfactory bulbectomy and 
compared with a nontreated group. They demonstrated 
significant differences in microbial profile of stool samples 
between the experimental and sham operated mice groups 
(Park et  al., 2013). In addition, Barseghyan et  al. (2013) 
induced depressive-like behavior through chronic varia-
ble physical stress (e.g. forced swimming, ether, restraint, 
cold, orthostatic shock, and food deprivation) in early 
adolescent Wistar rats and compared their microbial com-
position in the gut, blood, and brain with that of control 
rats. The experimental group showed significantly higher 
number of Candida albicans and Staphylococcus aureus 
in gut at the same time the numbers of Lactobacilli and 
Bifidobacteria were reduced, and the number of Escheri-
chia coli dropped significantly. The authors speculate that 
stress-induced depressive behaviors in the animals could 
be attributed to the enhanced growth of such opportun-
istic and pathogenic bacteria and fungi such as S. aureus 
and C. albicans in the digestive tract, which may mark-
edly decrease the number of the beneficial bacteria in gut. 

Clinical cultures of C. albicans can cause desquamation 
of small fragments like peptidoglycan layers of cell wall, 
total destruction of Lactobacilli cytoplasmic contents, and 
growth, reducing the number of beneficial bacteria in the 
gut flora (Barseghyan et al., 2013).

Another promising preclinical strategy to evaluate 
the impact of the microbiome-gut-brain-axis in the devel-
opment of CNS illnesses involves the use of germ-free 
animals. Neufeld et al. (2011) compared the performance 
of germ-free mice with that of control animals on elevated 
plus maze. Germ-free animals exhibited anxiety-like 
behaviors and changes in transcription of genes involved 
in anxiety-like behaviors. BDNF was also significantly 
up-regulated and the 5HT1A serotonin receptor subtype 
down-regulated in the dentate gyrus of the hippocampus 
of germ-free mice. The transcription of the gene encoding 
the NR2B subunit of the NMDA receptor was also down-
regulated in the amygdala. Several other studies indicate 
that germ-free mice have abnormalities in stress response 
(Sudo et  al., 2004), memory (Gareau et  al., 2011), and 
social behavior (Desbonnet et  al., 2014). Interestingly, 
recolonization of germ-free animals was not sufficient 
to reverse the neurotransmission alterations in adult-
hood, suggesting a long-term effect of microbiota changes 
during the post-natal developmental period (Borre et al., 
2014). Studies with microbiota manipulation were also 
conducted to explore the possible reversal depressive-like 
behaviors. Pyndt et  al. (2014) investigated whether gut 
microbiota would be the link between Western diet, with 
high saturated fat sugar intake, and depressive symptoms. 
They assigned 42 male BALB/cAnNTac mice for 13 weeks 
to one of three diets, namely a high-fat/no-sucrose, a high-
sucrose/standard-low-fat, or a control diet, and evaluated 
the depressive-like behavior and microbiota composition, 
systemic low-grade inflammation, neuroinflammation, 
hippocampal level BDNF, and metabolic markers (Pyndt 
et  al., 2014). Depressive-like behavior, such as less bur-
rowing and decreased memory in the Morris water maze 
test, was found in mice under a high-fat diet, compared to 
control mice and mice under a high-sucrose diet, respec-
tively. Interestingly, mice under a high-sucrose diet dis-
played significantly less anxiety to an open area challenge 
in the triple test compared to mice under high-fat diet, 
but they also had a trend for a decreased goal-oriented 
digging behavior compared to control mice. Behavioral 
changes were accompanied by a significant change in 
gray matter composition of mice fed with a high-fat diet 
(Collins et al., 2011).

Additionally, treatment with a probiotic formulation 
has been shown to reduce the HPA axis and the auto-
nomic nervous system (ANS) activity in several ways. 
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Ait-Belgnaoui et al. (2014) have demonstrated that corti-
costerone, adrenaline, and noradrenaline plasma levels 
were not increased in chronically stressed mice that 
received the probiotic treatment. The probiotic formula-
tion also influenced neurogenesis and gene expression, 
up-regulating the BDNF transcription and preventing 
stress-induced decrease in neuronal growth (Ait-Belg-
naoui et al., 2014).

Human studies

Compelling indications of inflammatory dysregulation in 
MDD, accompanied by the induction of depressive symp-
toms by inflammatory cytokines and lipopolysacharides 
(LPS), opened a new line of investigation regarding the 
role of the Gram-negative bacteria in the pathophysiol-
ogy of MDD. In this context, Maes et al. (2012a,b) found 
significantly higher values for serum concentration of 
immunoglobulin M (IgM) and immunoglobulin A against 
LPS of enterobacteria in patients with MDD compared to 
healthy controls, suggesting that increased translocation 
of Gram-negative bacteria may play a role in the activa-
tion of inflammatory pathways in MDD. Furthermore, 
higher levels of these immunoglobulins were associated 
with typical sickness behavior like fatigue and autonomic 
symptoms (Dantzer, 2009).

These findings were later replicated, supporting the 
evidence for an increased bacterial translocation (leaky 
gut). Moreover, serum levels of IgM against LPS of Gram-
negative commensals bacteria were significantly higher in 
patients with chronic depression (Maes et al., 2012a,b). It 
is hypothesized that the loss of integrity of the intestinal 
barrier allows Gram-negative commensal enterobacteria 
to translocate into the lamina propria and the mesenteric 
lymph nodes activating the immune cells. Bacterial trans-
location may (a) occur secondary to systemic inflamma-
tion in MDD, intensifying and perpetuating the primary 
inflammatory response, once the commensals are translo-
cated; or (b) be a primary trigger factor associated with the 
onset of depression in some vulnerable individuals. These 
findings suggest that, by causing progressive, intensifying 
immune pathways, translocated commensal bacteria from 
the gut may play a role in the pathophysiology of MDD 
(Maes et al., 2012a,b).

On a similar matter, Naseribafrouei et al. (2014) inves-
tigated the correlation between the human fecal microbi-
ota and MDD. They compared gut microbiota composition 
between depressed patients (n = 37) and controls (n = 18), 
using 16S rRNA gene Illumina deep sequencing, and they 
found that at a high taxonomic level, an overrepresentation 

of the order Bacteroidales and underrepresentation of the 
Lachnospiraceae family was associated with MDD. On 
the other hand, at a low taxonomic level, the Alistipes 
and Oscillibacter strains were overrepresented in patients 
with MDD. Interestingly, Alistipes has been associated 
with both chronic fatigue syndrome and irritable bowel 
syndrome (IBS). Also, Oscillibacter produces a molecule 
(valeric acid) that is structurally similar to GABA, which 
was also shown to bind to GABA receptors (Naseribafrouei 
et al., 2014). The association between the depressive symp-
toms and gut microbiota composition was also shown in 
elderly population, with loss of community-associated 
microbiota being associated with several other markers of 
health deterioration (Noto et al., 2014).

Interestingly, many GI disorders demonstrate a high 
prevalence of psychiatric symptoms (Neufeld and Foster, 
2009). IBS is the most common functional GI condition 
observed in patients who visit general practitioners for 
GI-related complaints. A high prevalence of psychiatric 
comorbidities, particularly anxiety and depressive dis-
orders, has been reported in patients with IBS. A retro-
spective cohort study conducted between 2000 and 2005 
evaluated the relationship between IBS and mental disor-
ders. The IBS sample consisted of 4689 patients, and the 
comparison group comprised 18,756  matched controls 
without IBS. The risks for depressive disorders [hazard 
ratio (HR) = 2.71, 95% confidence interval (CI) = 2.30 to 
3.19], anxiety disorders (HR = 2.89, 95% CI = 2.42 to 3.46), 
sleep disorders (HR = 2.47, 95% CI = 2.02 to 3.02), and BD 
(HR = 2.44, 95% CI = 1.34 to 4.46) were significantly higher 
in the IBS group than in the comparison group. In addi-
tion, the incidence of newly diagnosed depressive dis-
order, anxiety disorder, and sleep disorders remained 
significantly increased in all of the stratified follow-up 
durations (0–1, 1–5, ≥5 y) (Lee et al., 2015) (Figure 1).

The potential of probiotics in the 
treatment of mood disorders
The term ‘probiotics’ was first introduced to describe the 
organic and inorganic food supplements applied to restore 
health in patients suffering from malnutrition (FAO, 2001). 
Contrasting antibiotics, probiotics were defined as micro-
bial derived factors that stimulate the growth of other 
microorganisms (FAO, 2001). In 1989, a novel definition 
for probiotics was suggested that has been widely used 
up to today: ‘A live microbial feed supplement which ben-
eficially affects the host animal by improving its intesti-
nal microbial balance’. In contrast, ‘prebiotics’ refers to 
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chemicals, e.g. nondigestible fibers, that can facilitate 
proliferation or activity of bacteria in the GI trait (Schloss 
et al., 2014).

Probiotics are generally considered to be safe and are 
usually composed of bacteria that are already present in 
the digestive system. Probiotics are present in foods such 
as yogurt, and they are also available as dietary supple-
ments. The mechanism of action of probiotics is exerted 
by one of the three means: (i) modulation of the content of 
gut microbiota, (ii) maintenance of the integrity of the gut 
barrier, or (iii) prevention of bacterial translocation and 
modulation of the local immune response by the gut-asso-
ciated immune system (Teitelbaum and Walker, 2002).

Many clinical studies have suggested that probiotic 
therapy can help to treat many diseases and that it might 
delay the development of some pathologies, such as 
allergies in children (Azad et al., 2013), diarrhea, bacte-
rial vaginosis, IBS, among others, although data are not 
very consistent and studies are still clearly limited (Toh 
et al., 2012; Hempel, 2014; Parma et al., 2014). Although 
probiotics are considered safe for most otherwise healthy 
individuals with mood disorders, short-term side effects 

may occur and generally include mild gas and bloating. 
But we should keep in mind that, at least in theory, pro-
biotics could, in some susceptible individuals, promote 
overstimulation of immune system. On the other hand, 
in immune-deficient or immune-suppressed people, pro-
biotics safety is not supported by evidence (Tralau et al., 
2015).

Several actions of probiotics may represent opportu-
nities for treatment of mood disorders.

Neurotrophic effects of probiotics

Mood disorders are well established as states of deficit in 
production and activity of neurotrophins, especially in 
the BDNF (Fernandes et al., 2011; Polyakova et al., 2015). 
In that sense, interventions that were able to increase 
BDNF might be potentially useful, a hypothesis corrobo-
rated by the effect of enhancement of the activity of this 
neurotrophin with several effective therapies for mood 
disorders, including antidepressants, lithium, and elec-
troconvulsive therapy (Kodomari et  al., 2009; Brunoni 
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Figure 1: Schematic representation of gut-brain axis and microbiota in mood disorders.
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et al., 2014; Duclot and Kabbaj, 2015). There is some evi-
dence of a relationship between changes in microbiota 
and alterations in BDNF levels. For example, the oral 
administration of bifidobacterium to rats was associated 
with an increase in the hippocampal BDNF (Bercik et al., 
2011; O’Sullivan et al., 2011). In addition, administration 
of antimicrobials that elevate the levels of intrinsic gut 
Lactobacilli also increases brain BDNF concentrations in 
mice (Bercik et  al., 2011; Savignac et  al., 2013). Admin-
istration of prebiotics also has been suggested to impact 
BDNF. One study reported that administration of fructo-
oligosaccharides and galacto-oligosaccharides to rats 
increases hippocampal and peripheral BDNF (Savignac 
et al., 2013).

In a recent study, Liang et al. (2015) submitted adult 
specific pathogen free Sprague-Dawley rats to 21 days of 
restraint stress followed by behavioral testing (including 
the sucrose preference test, elevated-plus maze test, open-
field test, object recognition test, and object placement test) 
and biochemical analysis. Supplemental Lactobacillus 
helveticus NS8 was provided every day during stress until 
the end of experiment, and the selective serotonin reup-
take inhibitor citalopram was used as a positive control. 
In this study, L. helveticus NS8 improved chronic restraint 
stress-induced behavioral (anxiety and depression) and 
cognitive dysfunction, showing an effect similar to and 
stronger than that of citalopram. Lactobacillus helveticus 
NS8 also resulted in higher hippocampal BDNF mRNA 
expression compared with the group of chronic stress rats 
that did not received the probiotic. Taken together, these 
data suggested a possible effect of prebiotics and probiot-
ics on BDNF, mainly in the hippocampus, that could be 
potentially be useful in the treatment of mood disorders.

Immune effects of probiotics

Strong evidence has shown a contribution of microbiota 
in immune system, such as the development of gut-asso-
ciated lymphoid tissues (GALTs), which are often recog-
nized as the ‘GI tract’s immune system’, a set of immune 
responses specific to prevention of invasion for pathogens 
(Hooper and Macpherson, 2010; Stecher and Hardt, 2011; 
Renz et al., 2012). A complex interaction between the host 
immune system and the presence of bacteria is necessary 
for intestinal homeostasis. An imbalance in this symbiotic 
relationship between the host and intestinal microbiota 
may be associated with increased diseases (Littman and 
Pamer, 2011).

Murine studies led to the observation that intestinal 
microbiota is necessary for the normal GALT maturation, 

including Peyer’s patches, plasters crypt, and isolated 
lymphoid follicles (ILFS) (Gordon et  al., 1966; Hamada 
et al., 2002; Bouskra et al., 2008). In germ-free mice, the 
development of Peyer plates seemed to suffer less influ-
ence of microbiota; however, the maturation of ILFS and 
crypts requires this stimulation. The incomplete develop-
ment of these structures may lead to a change in several 
receptors responsible for identifying bacterial stimuli 
(Bouskra et al., 2008).

Probiotics have a well-demonstrate effect in enhanc-
ing local humoral immune responses and guarantee the 
integrity of the intestinal barrier (Isolauri et  al., 1993). 
On the other hand, probiotics may help the immune 
system to down-regulate responses to nonpathogenic or 
even harmful bacteria, preventing hypersensitivity reac-
tions (Sütas et al., 1996). The probiotic effects also seem 
to not be restricted to a local action. One study with the 
oral administration of Lactobacillus rhamnosus GG (ATCC 
53103) has shown an effect in reducing the abnormally 
elevated fecal concentrations of tumor necrosis factor-
alpha in patients with allergic conditions (Majarmaa 
and Isolauri, 1997). In addition, probiotic genes can also 
modulate host immune response. For example, in one 
study assessing 42 Lactobacillus plantarum strains, six 
genes with immunomodulatory properties were identi-
fied. Deletion of these genes in L. plantarum resulted in 
abolishing the capacity to stimulate production of inter-
leukin-10 and interleukin-12 (van Hemert et al., 2010). In 
this sense, the modification of the bacterial genome may 
be a possible approach to improve the regulatory effects 
of probiotics.

Effects of probiotics in HPA activity

Exposure to psychological stress leads to activation of 
the HPA axis and causes altered intestinal barrier func-
tion, intestinal dysbiosis, and behavioral changes. A few 
set of studies assessed the effects of probiotic admin-
istration in the HPA axis. Gareau et  al. (2007) demon-
strated that probiotic administration to rats that were 
further submitted to maternal separation was able to 
prevent HPA axis activation, estimated by costircoster-
one levels. In the same way, Ait-Belgnaoui et al. (2014) 
observed that preexposure with probiotic formulation 
attenuated HPA axis and ANS activities in response to 
water avoidance test, a paradigm for chronic stress. In 
addition, probiotic pretreatment prevented the water 
avoidance stress-induced decrease in hippocampal 
neurogenesis and expression changes in hypothalamic 
genes involved in synaptic plasticity.
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Implications for clinical practice 
and a research agenda
Although mood disorders are associated with changes 
in microbiota, very little is already known about how to 
extract any benefit from administration of probiotics. One 
of the limitations is the lack of a specific microbiota signa-
ture for MDD or BD. Moreover intra- and inter-individuals 
variation was very high on microbiota, and it is possible 
to identify deviant colonization using sophisticated bio-
informatics tools.

A number of attempts to manipulate the microbiota 
have not produced identical results for every disease, 
most probably because the most effective interventions 
are not in adulthood, when the brain and the immuno-
logical system are already mature (Ianiro et  al., 2014). 
In fact, constant antigenic stimulation shaping up the 
physiological immune response of the host is necessary 
to provide adequate formation of the CNS (Anderson 
et  al., 2012). Abnormal expression and concentration of 
several neuropeptides in both CNS and periphery have 
been reported in eating disorders, major depression, and 
sleep disorders, suggesting that altered peptidergic sign-
aling may be involved in their pathophysiology (Fetissov 
and Déchelotte, 2011). Moreover, reactive immunoglobu-
lins against these neuropeptides have been identified in 
humans, and their levels or affinities were associated with 
neuropsychiatric conditions (Hsiao et al., 2013).

Gut microbiota possibly behave as a dynamic entity, 
influencing and being influenced by genetic factors both 
from bacteria and the host, age, food, environment, 
antigen exposition, and antibiotic exposition. For now, it is 
recommended that psychiatrists be aware of the patient’s 
diet and be prepared to incorporate new tools from micro-
biology, genetics, and bioinformatics to research in mood 
disorders.
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