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Abstract

The human gut with its complex microbial community, the so-called gut
microbiota, is also of relevance for the research field of neuroscience. Recent
studies have shown that the gut and the microorganisms living in the gut,
communicate bidirectionally with the central nervous system and may in-
fluence brain functions and behavior. Disorders of this bidirectional com-
munication system, also known as ‘gut-brain axis’, might be involved in the
development of neurological and mental disorders. Preclinical and clinical
studies indicate that probiotics modulate the gut microbiota and therewith
may have a preventive effect on progression of neurological and mental
diseases. By elucidating the underlying mechanisms and performing further
clinical trials, probiotics may possibly be considered as a new approach for
the treatment of mental illnesses such as depression and anxiety disorders.

Keywords: microbiota, gut-brain axis, probiotics, depression, anxiety,
mind, “psychobiotics”

Citation

Huber H, Sproten R, Simon MC: Probiotics for the mind: how gut
bacteria can affect our mental health. Ernahrungs Umschau 2021;
68(3): 44-52.

This article is available online:

DOI: 10.4455/eu.2021.010

Peer reviewed
Manuscript (original) submitted: 14 May 2020
Revision accepted: 11 September 2020

Corresponding author

Marie-Christine Simon

Institute for Nutrition and Food Sciences
Nutrition and Microbiota

University of Bonn

Nussallee 9, 53115 Bonn
msimon2@uni-bonn.de

Introduction

With up to 10" bacteria and more than a
hundred bacterial species, the gastrointesti-
nal tract contains the largest proportion of
the physiological human flora. These bacte-
ria are mainly commensals and usually live
in symbiosis with their host. The totality of
all microorganisms colonizing the human
organism, including their genetic material,
is called microbiome. The development of the
human microbiome is a complex process that
is crucial for the physiology of the organism
and begins with birth. The fetal, germ-free in-
testine is colonized during birth with micro-
organisms from the birth canal or from the
skin of the mother. The microbiome changes
continuously during life span. Influencing fac-
tors such as genetics, age, gender, geography,
stress level and health conditions can affect the
diversity and composition of the gut microor-
ganisms [1].

Our understanding of the complexity and di-
versity of the microbiome is mainly due to
the advancement in sequencing technology,
which allows detailed analysis of all bacteria
and viruses that colonize the human organ-
ism [2]. Today, it is known that the intestinal
microorganisms play a significant role in the
maintenance of a physiological homeostasis as
well as in the pathogenesis of various diseases.
Furthermore, intestinal microorganisms
make a major contribution to the human
metabolism by fermenting indigestible die-
tary fibers into short-chain fatty acids (SCFA)
and thus supplying their host with energy.
In addition, intestinal microorganisms have
important immunomodulating properties
and support the intestinal barrier function
[3]. It is assumed that even a miscoloniza-
tion of the intestine in infancy can lead to an
increased risk of disease in later stages of life
[4]. There even is strong evidence that the gut
microbiome has an impact on cognitive and
emotional processes via the so-called ‘gut-
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Figure 2: Microbiota gut-brain axis
Direct and indirect signaling pathways support bidirectional communication
between the gut microbiota and the central nervous system; endocrine,
neural and immunological signals are involved.
Afferent signals (blue): Immune system-dependent secreted cytokines
have an endocrine or paracrine effect. Sensory neural terminals, e.g.,
on the vagus nerve, can be activated by intestinal peptides secreted by
enteroendocrine cells. Neurotransmitter and their precursors produced
as metabolites of the microbiota can reach the intestinal epithelium and
mediate endocrine and paracrine effects.
Hypothalamic activation initiates the efferent (red): Corticosteroid hormones
released as a result of hypothalamic-pituitary-adrenal (HPA) axis activation
have a modulatory effect on the gut microbiota. The "anti-inflammatory
cholinergic reflex" (AICR) and/or sympathetic activation release neurotrans-
mitters that can also modulate the gut microbiota.

brain axis” and can play an important role in brain development.
Animal studies have shown that a change in the gut microbi-
ome affects signaling along the gut-brain axis and can affect
anxiety- and stress-related behavior [5]. Even mental illnesses in
humans are strongly associated with dysfunctions of the gut-
brain axis communication system. With regard to this dysbiosis
and the impact of the intestinal microbiota, interest in research
on probiotics in the prevention and treatment of mental disor-

cocle

ders emerged. Probiotics are living microor-
ganisms within food products or additives in
food that bring health benefits to their host.
According to the current state of research,
probiotics can influence not only the intes-
tine itself, but also the psyche and the mind
via the communication system of the gut
and the brain. For example, preclinical stud-
ies have shown that certain types of bacteria
have antidepressive or anxiolytic effects. This
has led to the postulation of the term ‘psy-
chobiotics’: a class of probiotics that affect
the gut-brain axis by producing neuroactive
substances, reducing the activity of the hy-
pothalamic-pituitary-adrenal axis (HPA axis)
and regulating cytokine production [7].

As stress-related diseases such as depression
and anxiety disorders are among the leading
causes of incapacity to work worldwide and
as major contributors to the global burden of
disease [8], raising awareness of these diseases
is just as important as the understanding of
their pathogenesis.

Therefore, in this review the underlying
mechanisms of probiotics are considered and
their possible therapeutic and preventive ben-
efits are discussed.

Methods

At the beginning of 2019, a systematic lit-
erature research was conducted on the da-
tabase NCBI PubMed. The search strategy
included various search terms on the topics
depression, anxiety, gut-brain axis und pro-
biotic. No restrictions have been made on the
publication date. Randomized, blinded and
placebo-controlled preclinical and clinical in-
tervention studies as well as meta-analyses
and their references were taken into account.
Regarding the study population, no restric-
tions have been made on the number, age,
sex or ethnicity of the subjects. We included
healthy and for mental disorders predisposed
persons as well as persons who have already
diagnosed with mental disorders. In addi-
tion, studies were considered that measured
the effect of probiotics on depression-related
symptoms (psychological stress, emotional
behavioral disorders, mood fluctuation, anx-
iety) using comparable investigation meth-
ods and scientific assessment criteria. We in-
cluded studies that collected blood and tissue
samples or used behavioral tests or self-as-
sessment scales. Subsequently, relevant arti-
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cles published after the systematic search was completed were and trigger pro-inflammatory reactions

added to the analysis (¢ Figure 1). or reduce serotonin production.

The gut-brain axis

In 1833, the Canadian military physician William laid the
first important milestone in the research of the gut-brain
axis, when he observed that the change in stomach secre-
tion caused by a gastric fistula affected a patient's mood [9].
Today it is known that the microbiota-gut-brain axis is a
complex system that is not only responsible for the main-
tenance and coordination of gastrointestinal functions, but
also enables bidirectional feedback between the gut and the
brain. The direction of signaling is essentially determined by
afferent and efferent neural pathways and immunological,
neuroendocrine and metabolic factors [10]. Several factors
that influence the composition and stability of the gut mi-
crobiota can also affect signaling along the gut-brain axis.
Animal models show that induced modifications of the gut
microbiome affect stress reactivity, anxiety and the activa-
tion of the HPA axis [5]. A comprehensive understanding of
the exact mechanisms of the gut-brain axis is therefore of
extraordinary importance in clarifying the development of
stress-related diseases, including anxiety disorders and de-
pression.

The hypothalamic-pituitary-adrenal axis

The HPA axis is an essential component of the bidirectional
communication between the brain and the gut and is con-
sidered one of the most important endocrine systems for
maintaining homeostasis under stress [11]. Of particular
relevance in this context are stress hormones, which are im-
portant components of the feedback loop between the hor-
mone glands hypothalamus, pituitary and adrenal cortex.
Stress induces the activation of those hormone glands via
limbic cortical pathways and then inhibits within a negative
feedback mechanism the hippocampus and hypothalamus.
In particular, the activation of the HPA axis through the
exposure to physical and psychological stressors is impor-
tant for the stress response, since this causes a release of the
corticotropin-releasing hormone (CRF), which subsequently
stimulates the release of glucocorticoids from the adrenal
cortex. Therefore, HPA axis activity can be assessed based on
the concentration of cortisol in humans and corticosterone
in rodents [12]. Changes in the HPA axis activity are associ-
ated with the development of mood disorders; in depressed
patients the presence of dysregulation of the HPA axis is
undisputed [13].

Immunomodulation und endocrine parameters

The modulation of the immune system is a further impor-
tant pathway of the gut-brain axis. This modulation occurs
through the activation of toll-like receptors of the innate
immune system, which can detect specific structural com-
ponents of various bacteria and cause a release of pro-in-
flammatory and anti-inflammatory cytokines. Through
numerous pathways, these cytokines can reach the brain
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The gut microbiota influences the im-
mune response and can strengthen the
intestinal barrier against pathogenic
bacteria. It is assumed that the gut mi-
crobiota has an impact on the immune
system of the host, for example on
the response of regulatory T cells (T,)
[14], via microbial metabolite-depend-
ent mechanisms [15]. These metabolites
are, for example SCFA. A recent study
in MS patients showed that the exog-
enous application of propionic acid in-
creased the number of T, which reg-
ulate the self-tolerance of the immune
system, sustainably and significantly.
At the same time, the number of TH1
and TH17 cells associated with chronic
inflammation and autoimmune diseases
decreased significantly. The subsequent
analysis of the microbiome of patients
treated with SCFA showed an increased
expression of T, inducing genes [16].
Even in an animal model it was observed
that SCFA, as a product of microbial fer-
mentation, modulated the size and func-
tionality of the T, pool of the gut [14].
Numerous studies describe that inflam-
mation of the gastrointestinal tract is
associated with increased anxious or
depressive behavior. It is assumed that
the microbiome plays a central role in
this context [13, 17]. In this regard, it
has been shown that the experimental
modulation of the endotoxin lipopoly-
saccharides (LPS) in healthy individuals
led to the appearance of anxiety- and
depression-associated symptoms as well
as an increase in the concentration of
stress hormones and pro-inflammatory
cytokines [18]. Even oral administered
probiotics have immunomodulating
properties, which have not yet been en-
tirely researched. Probiotics are able to
affect immune cells of the gut. Human
studies as well as animal models have
shown that oral probiotics modulated
the cytokine profile by lowering the
concentrations of pro-inflammatory
cytokines and increasing the concen-
tration of anti-inflammatory cytokines
in the blood [3, 19, 20]. Neuroendo-
crine factors involved in the regulation
of the gut-brain axis include cortisol,
norepinephrine, serotonin, melatonin,



gamma-aminobutyric acid (GABA) and CRF. A variety of
neurotransmitters is produced by the bacteria of the gut mi-
crobiota itself [3].

Effects of probiotics on behavior and
mood in animal studies

Behavioral tests

In order to characterize the depression- and stress-associated be-
havior in preclinical studies, various test methods were used to
determine the anxiety and exploratory behavior in healthy ani-
mals [19, 21-23] as well as in stressed animals [20]. All animals
showed an altered symbiotic microbiota and an increased stress
reactivity. The intervention group was treated with single- to
two-strain [19-23] or multi-species probiotics [19] while the con-
trol group received a placebo drug (¢ Table 1).

In all animal studies analyzed here, positive, probiotic-induced
effects on behavior in stressful situations or depression-associated
behavior were shown in at least one of the behavioral tests per-
formed [19-23]. The animals treated with probiotics were more
curious, less anxious and less hopeless in the behavioral tests and
showed improved adaptation to stressful situations. Immobil-
ity and swimming time were improved in the Forced Swim Test
(FST), which was interpreted as reduced hopelessness or increased
will to survive [19, 20, 23]. In the Elevated Plus Maze (EPM) test,
animals treated with probiotics stayed longer in anxiety-inducing
situations [21, 23]; in the Open Field Test, the time it required for
the animals to enter an anxiety-inducing situation was shortened
[21] and the time and frequency with which the animals stayed
within this situation increased [23]. These changes were inter-
preted as anxiety-reducing. Also in the Defensive Burying Test
positive effects of the probiotic treatment on the anxiety and stress
behavior was described [22]. In addition, strain specific effects of
the probiotic intervention were observed within the behavioral
tests. For example, two different bacterial strains of Bifidobacte-
rium each showed an individual therapeutic effect in acute stress
and depression (B. longum 1714) or on anxiety and body weight
(B. breve 1205) [21].

HPA axis activity

Within investigations on the HPA axis activity it was shown that the
exposure to acute stressors led to increased plasma concentrations of
corticosterone [21]. The administration of probiotics reduced [23] or
did not affect this increase in concentration [20, 21]. In addition, it
was observed that young rats separated from the mother postnatal
had a higher expression of CRF mRNA in the amygdala. A subse-
quent probiotics application could only slightly reduce CRF mRNA
expression [20]. However, at the hippocampal transcriptional level the
activity of the CRF1 and CRF2 receptors was significantly reduced by
probiotic treatment [19]. This indicates a reduction in the stress level
of the study animals.

Neurotransmitter und cytokine profile
Positive probiotic-induced effects were also observed on neurotrans-
mitter secretion, which is considered as a key element of the gut-
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brain communication. In this respect, changes
in mRNA expression of GABA receptors in var-
ious brain regions have been described [23]. In
addition, the concentration of norepinephrine
in the pons, which had been reduced by stress,
could be normalized by probiotic treatment [20].
Even a favorable shift in the cytokine profile was
achieved [19, 20].

Effects of probiotics on behavior
and mood in human interven-
tion studies

Depression-, anxiety- and stress
related symptoms

Human studies investigated the influence of
probiotics on the mind and psyche in healthy
participants [22, 29, 30, 32], for mental disor-
ders predisposed persons [25, 27, 28, 31] and
patients with mild to severe depressive disorders
[24, 26]. In order to characterize the symptoms
associated with depression, anxiety and stress in
the subjects, self-assessment scales were collected
(# Table 2). The intervention period was between
14 days and 8 weeks.

The summarized results of the studies indicate
that probiotics can have a stimulating effect on
mood in healthy or for mental disorders predis-
posed persons as well as in patients with mild to
severe depressive disorders.

In subjects with diagnosed severe depression
(MDD), a treatment with a multi-species probi-
otic led to a reduction in depressive symptoms in
the Beck Depression Inventory Test (BDI) [26].
These results could not be confirmed in subjects
with chronic fatigue syndrome, but here the Beck
Anxiety Inventory Test (BAI) showed a reduction
in anxiety symptoms within the treated group
[31]. In healthy subjects, neither in BDI nor BAI
an improvement due to probiotic intervention
has been described [25, 29]. However, in the Lei-
den Index of Depression Sensitivity (LEIDS-r),
cognitive reactivity to sad mood, aggressive and
brooding thoughts was reduced [29]. In addition,
in healthy subjects a probiotic supplementation
led to stronger relaxation of the psychological
load [30]. In healthy volunteers who were as-
sessed as rather depressed at baseline, the con-
sumption of a probiotic milk drink resulted in
an improvement in mood in the Profile of Mood
States Test (POMS) [32]. In subjects predisposed
by their work in the petrochemical industry, the
General Health Questionnaire (GHI) and Depres-
sion, Anxiety and Stress Scale (DASS) showed an
improvement in mental state through probiotics

47



Peer Review | Probiotics and Mind

cocle)

Author, year Subjects, Species, dose Test methods
duration

Abildgaard, 2017 40 Sprague-

[19] Dawley rats (m)
5 wks L. brevis W63, L. casei

W56, L. salivarius W24,

Lactococ. lactis W19 &

W58

2,5 x10° cfu/g

B. longum 1714 or

B. breve 1205 or

antidepressant Escitalo-

pram,

1 x 10° cfu/mL

L. helveticus RO052,

B. longum RO175
3 x10° cfu/1,59g

L. rhamnosus (JB-1)
1 x10° cfu

88 BALB/c mice

(m)
6 wks

Savignac, 2014
[21]

Messaoudi, 2011
[22]

36 Wistar rats (m)
2 wks

Bravo, 2011
[23]

36 BALB/c mice

(m)
4 wks

Desbonnet, 2010
[20]

33 Sprague-Dawley B. infantis 35624 or an-
rats (m)f

45d 1 x 10 cfu/100 mL

B. bifidum W23, B. lactis
W52, L. acidophilus W37,

tidepressant Citalopram,

BM, FST, OF, OGTT Antidepressive ef-

Blood samples, fects (FST)
brain tissue

samples

SIH, DMB, EPM, OF, Anxiety

FST, TST behavior & (SIH,
Corticosterone, DMB, EPM, OF)
weight of different

tissues, body weight
Conditioned DB Stress-related
behavior, anxiety

behavior ¥

SIH, EPM, FST, OF,
FC

Blood samples,
brain tissue samples
FST

Blood samples,
brain and gut tissue
samples

Antidepressive and
anxiolytic effects
(EPM, FST, OF, FC)

Normalized
behavior deficits

Table 1: Preclinical studies on the effects of probiotics on behavior and mood in behavioral testing.

I} Positive behavioral changes within the intervention group in comparison to the control group
BM = Barnes maze, cfu = Colony Forming Unit, d = days, DB = Defensive Burying Test, DMB = Defensive Marble Burying Test, EPM =
Elevated Plus Maze, FC = Fear Conditioning, FST = Forced Swim Test, m = male, OF = Open Field Test, OGTT = Oral Glucose Tolerance
Test, SIH = Stress-induced Hyperthermia, TST = Tail Suspension Test, wks = weeks

122 of 33 rats were separated from the mother postnatally

from capsules and yoghurt [27].

Subjects who were mentally pre-stressed by an upcoming operation
also benefited from the preoperative intake of probiotics, so a reduc-
tion in the level of anxiety in the Hamilton Anxiety Scale was shown
[28]. On the other hand, in subjects predisposed by their work in
shifts, no benefits of the probiotic intervention were observed [25].
A similar conclusion to the reviewed human studies is also found in
two meta-analyses of clinical intervention studies that investigated
the effect of probiotics in depression: It is described that probiotics
intake in both healthy volunteers [34] and depressive patients signifi-
cantly improved depression-associated symptoms [33, 34].

HPA axis activity

Two of the reviewed clinical studies investigated the effect of pro-
biotic interventions on HPA axis activity using biological param-
eters.

Preoperative subjects not treated with probiotics showed stress-in-
duced elevated serum CRF concentrations due to the upcoming
surgery. In the intervention group treated with probiotics, how-
ever, the serum CRF concentration remained stable and did not
increase preoperatively [28]. Even in healthy subjects a probiotic
supplementation led to a decrease in the urine concentration of
free cortisol, which indicates a reduction of the patients’ stress
level [30].

Oxidative stress

One of the reviewed clinical studies assessed
inflammatory status and antioxidant po-
tential in MDD patients. Here it was shown
that a probiotic supplementation reduced the
concentration of the systemic inflammatory
marker C-reactive protein (CRP). At the same
time, an increased concentration of plasma
glutathione was observed, which implies an
improved protection of cells from oxidative
stress [26].

Intestinal flora

One of the reviewed clinical studies assessed
the bacterial colonization of the intestine
in patients with chronic fatigue syndrome.
Compared to the placebo group, the probiotics
group showed a moderate increase in the total
number of fecal aerobic and anaerobic bacteria
and an increase in the total number of fecal
bifidobacteria and lactobacilli [31].
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Randomized controlled studies (RCTs)

Chahwan, 2019
[24]

Smith-Ryan, 2019
[25]

Akkasheh, 2016
[26]

Mohammadi,
2016
[27]

Yang, 2016
[28]

Steenbergen,
2015
[29]

Messaoudi, 2011
[30]

Messaoudi, 2011
[22]

Rao, 2009
[31]

71 patients with
mild to severe de-
pression

8 wks

41 predisposed
women

40 MDD-patients
8 wks

70 predisposed
patients
6 wks

20 pre-surgical pa-
tients,

10 healthy volun-
teers

2 wks

40 healthy
volunteers
4 wks

25 healthy
volunteers
30d

55 healthy
volunteers
30d

35 CFS patients
8 wks

B. bifidum W23, B. lactis
W51 and W52, L. acido-
philus W37, L. brevis W63,
L. casei W56, L. salivarius
W24, Lactococ. Lactis
W19 and W58

1 x 10" cfu/T

B. bifidum W23, B. lactis
W51, B. lactis W52,

L. acidophilus W37, L. bre-
vis W63, L. casei W56,

L. salivarius W24, Lacto-
coc. lactis W19 and W58
2,5 x 10° cfu/T

L. acidophilus, L. casei,

B. bifidum

2 x 10? cfu/g

Yoghurt: L. acidodophilus
LAS5, B. lactis BB12,

1 x10; cfu

Capsule: L. casei, L. acido-
philus, L. rhamnosus,

L. bulgaricus, B. breve,

B. longum, S. thermophiles
3 x 108 cfu/g

Clostridium butyricum
420 mg/capsule

B. bifidum W23, B. lactis
52, L. acidophilus W37,

L. brevis W63, L. casei W56,
L. salivarius W24, Lactococ.
lactis W19 & W58

2,5 x 10° cfu

L. helveticus R0O052,
B. longum RO175

3 x10° cfu/1,5 g

L. helveticus R0O052,
B. longum RO175,
3 x10° cfu/1,59g

L. casei Shirota

8 x 10° cfu/T
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Author, year Subjects, Species, dose Test methods Results
duration

BDI, DASS, M.I.N.I,
BAI, LEIDS-r
stool samples

HADS, CFQ, Exer-
cise Fatigue Test,
blood samples

BDI,
blood samples

GHQ, DASS, blood
samples

HAMA,
blood samples,
hearth rate

M.LN.I, LEIDS-r,
BDI, BAI

HSCL-90, HADS,
PSS

HSCL-90, HADS,
PSS, coping check-
list, cortisol (urine)
BDI, BAI, stool
samples

49

Cognitive
reactivity

BDI 1t

Insulin response,
insulin resistance,
hs-CRP, gluta-
thione ©*

GHQ, DASS 1

HAMA

Serum-CRF

LEIDS-r

HSCL-90, HADS,
PSS 1

HSCL-90, HADS,
Coping Checklist ©

BAI
Changes in
microbiome
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Benton, 2007 124 healthy L. casei Shirota POMS, NART, POMS 1t
[32] volunteers 6,5 x 10° cfu/65 mL WMS, verbal flu- (subgroup
3 wks ency, long term analysis)
memory
Meta-analyses
Goh, 2019 Meta-analysis Different species of Lacto- DASS Antidepressive
[33] 19 RCTs bacillus, Bifidobacterium  BDI effects in MDD pa-
and Streptococcus GDS-SF tients
HDRS
Various doses HADS
POMS
GHQ
EPDS
LEIDS
Huang, 2016 Meta-analysis Different species of Lacto- DASS Depression scale
[34] bacillus, Bifidobacterium  BDI scores M
5 RCTs and Streptococcus HADS-D
POMS

Various doses

Table 2: Clinical studies on the effects of probiotics on behavior and mood
© Positive changes within the intervention group in comparison to the control group
BDI = Beck Depression Inventory, BAI = Beck Anxiety Inventory, CFS = Chronic Fatigue Syndrom, CFQ = Chalder Fatigue Survey,
CRF = Corticotropin-releasing factor, DASS = Depression Anxiety and Stress Scale, d = days, EPDS = Edinburgh Postnatal Depression
Scale, GHQ = General Health Questionnaire, HADS = Hospital Anxiety and Depression Scale, HAMA = Hamilton Anxiety Scale, HDRS =
Hamilton Depression Rating Scale, HOMA = Homeostasis Model Assessment, HSCL-90 = Hospital Anxiety and Depression Scale,
GDS-SF = Geriatric Depression Scale Short Form, M.I.N.I = Mini International Neuropsychiatric Interview, MDD = Major Depressive Disor-
ders, LEIDS-r = Leiden Index of Depression Sensitivity, PSS = Perceived Stress Scale, POMS = Profile of Mood States, wks = Weeks

Discussion

Results from animal models confirmed that changes in the bacte-
rial colonization of the gut are associated with behavioral impair-
ments. Germ-free mice, which have no symbiotic microbiota and
an undeveloped immune system, were characterized by increased
stress reactivity [13]. After reconstitution of the microbiota with
feces of healthy mice or after administration of probiotics, stress
reactions and behavioral abnormalities normalized [35]. Further-
more, it could be shown in rodents that changes in the HPA axis
influenced the composition of the microbiota [36].

The probiotic-induced anxiolytic effects described in preclinical
studies are comparable to the properties of novel chemical sub-
stances with anxiolytic effects [19-21, 23, 30]. These observations
suggest that probiotics may have the potential to act as anxio-
lytics besides antidepressants [21, 23]. The use of multi-species
probiotics can result in an additive effect and thus an enhanced
antidepressant effect [19, 37].

With regard to the humoral stress response it has to be consid-
ered, that a reduction of stress-induced corticosterone and cor-
tisol peaks shown in preclinical and clinical studies was mainly
mediated by lactobacilli [22, 23, 30]. This implies that the effects
of symbiotic gut bacteria are also stem-dependent on the neuro-
logical behavioral level. Results from further studies confirm the
effect of lactobacilli on the central nervous system (CNS) [40, 41].
The results of the human studies indicate that probiotics can have

a stimulating effect on the mood of healthy
persons as well as depressed or for depressions
predisposed individuals. It is assumed that the
efficiency of probiotics in the reduction of the
stress level and in mood improvements de-
pends on the initial stress level and general
mood [30, 32]. This highlights the potential of
probiotics to contribute to mental well-being
in low-stressed individuals and as prevention
strategy for stress-related diseases.

At the same time, it was described that probi-
otics mediate anti-inflammatory effects [26].
Similar properties have been shown in patients
with irritable bowel syndrome, rheumatoid
arthritis or during pregnancy [42-44], that
were preceded by improved insulin function.
This confirms the assumption that probiotics
contribute to homeostasis of the gastrointes-
tinal tract, regulate inflammation mediated re-
actions of the intestinal immune cells and can
have a positive effect on anxiety and depres-
sion through reduced inflammatory processes.
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Conclusion

Both animal studies and human clinical studies have shown
that probiotics can have positive effects on behavior, mood and
symptoms related to depression, anxiety and stress level. There
is increasing evidence that a modulation of the gut-brain axis by
probiotics could be a potential new approach for the treatment of
mental disorders. However, the use of probiotics is currently not
part of relevant guidelines for the treatment of mental disorders
— for example the S3 guideline for unipolar depression disorders
from 2015. Therefore, it is essential to examine the efficiency of
probiotics and specific bacterial strains in relation to depressive
and anxiety-associated symptoms in further studies in order to
derive a specific therapeutic and prevention approach.
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