Review
https:/doi.org/10.9758/cpn.2022.20.1.17
Clinical Psychopharmacology and Neuroscience 2022;20(1):17-25

pISSN 1738-1088 / eISSN 2093-4327
Copyright© 2022, Korean College of Neuropsychopharmacology

Psychobiotic Therapy: Method to Reinforce the Inmune System
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Psychobiotics are probiotic microorganisms that beneficially affect the central nervous system functions mediated by
the gut-brain axis, improving the host’s immune system. Psychobiotic microorganisms can regulate brain pathways and
serotonin production (mood controller). The main microbial genera with psychobiotic characteristics are Lactobacillus,
Lactococcus and Bifidobacterium. The daily consumption of psychobiotics is called “Psychobiotic Therapy”. Psychobio-
tic therapy has proven antidepressant/anxiolytic properties. Psychobiotic therapy can be used to boost the host’s immune
balance against pathogens, for example: virus, bacteria and fungus. Thus, psychobiotic therapy can be a promising
strategy to improve and/or maintain the quality of life of people who are healthy or who suffer from anxiety/stress
disorders, intestinal dysbiosis and even immunosuppressed people. This is such a hot theme it can surely only be a
matter of time for psychobiotic therapy offers an “alternative treatment”, but scientific, for people diagnosed with a
variety of mental/immunological disorders. Instead of targeting the mind (brain), we could go for the gut. “This new
way of looking at mental health linked to gut health is literally looking at health upside down”.
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Psychobiotics against anxiety/stress.

INTRODUCTION

In the present paradigm, where the a properly function-
ing immune system is important and integral for counter-
acting pathogen infection [1], shows us the importance of
balancing the immune system and studying the relation-
ship of the immune response with the gut-brain axis
through the use of probiotic microorganisms [2-4]. Gut-
brain axis is a complex system that helps the body. This
axis involves the functions of the gut with the brain pro-
viding good health to the host [3,5].

External factors such as the use of antibiotics, poor diet
and pathogens affect the host health [5,6]. Based on this
information, is important the use of psychobiotics to re-
inforce the host immune balance against pathogens [7,8].
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Psychobiotics are probiotics microorganisms strains that
have potential application in the treatment mental and
physical host health [2-4].

In previous studies, various psychobiotics strains were
in vivo studied to improve the host mental health [4,7-9].
When psychobiotics are used orally in daily food, they are
called “Psychobiotic Therapy” [4,9,10], that is, the daily
intake of probiotic microorganisms and probiotic foods
can generate a healthy balance in the host body [4,9,10].
The use of psychobiotics as therapy, with emphasis on
their properties to reinforce the immune system, are dis-
cussed here.

METHODOLOGY

A bibliographic research study was conducted to col-
lect data and information on “psychobiotics to reinforce
the immune system”. The research sites accessed were:
e-books, theses and the Scielo database, Google Scholar,
Medline, Pubmed, Science Direct and CAPES periodical
portal and the virtual health/food library. The index terms
used for searches were psychobiotics, probiotics, pro-
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biotics microrganisms on immune response, psychobiotic
therapy, microbiome-gut-brain axis, body’s health and
mental health. Papers that did not match the searched
words were excluded. The exclusion criterion also ap-
plied to articles that after reading that did not refer to the
main objective of the study. As scientific research on
“Psychobiotics” is recent, years of publication were not
exclusion criteria. In total, 60 scientific articles were
recruited.

RESULTS

Psychobiotics

Psychobiotics are probiotics microorganisms strains
that have potential application in the treatment mental
and physical host health [2-4]. Psychobiotic microorganisms
can regulate brain pathways and serotonin production
(mood controller) [11]. Serotonin (5-hydroxytryptamine)
is principally found stored in three main cell types: i) sero-
tonergic neurons in the central nervous system and in the
intestinal myenteric plexus, ii) enterochromaffin cells in
the mucosa of the gastrointestinal tract, and iii) in blood
platelets. Serotonergic neurons and enterochromaffin cells
can synthesize serotonin from it precursor amino acid
L-tryptophan, whereas platelets rely upon uptake of sero-
tonin for their stores. Likewise, serotonergic neurons also
have the capacity for amine uptake via serotonin trans-
porters. Serotonin is also synthesized in the pineal gland
as a precursor for the subsequent enzymatic formation of
the pineal hormone melatonin (N-acetyl-5-methoxytrypt-
amine). The biochemical pathway for serotonin synthesis
initially involves the conversion of L-tryptophan to 5-hy-
droxytryptophan by the enzyme L-tryptophan hydrox-
ylase (TPH), which has been found both in cytosolic and
particulate brain cell fractions. This enzyme provides the
rate-limiting step for serotonin synthesis, in the same man-
ner that norepinephrine and dopamine synthesis in adre-
nergic and dopaminergic neurons is controlled by the ability
of the related enzyme, L-tyrosine hydroxylase, to convert
L-tyrosine to L-dihydroxyphenylalanine (L-DOPA). Some
inhibitors of TPH (e.g., o-propyldopacetamide) are also
active against tyrosine hydroxylase, whereas others such as
p-chlorophenylalanine are more selective for TPH. Although
p-chloroamphetamine and fenfluramine can also inhibit
TPH, they have important actions (including neurotoxic
effects) upon various other regulatory processes of seroto-

nergic neuronal function. The identification of two en-
zyme isoforms, called TPH1 and TPH2, which are appa-
rently associated selectively with peripheral tissues and
the brain, respectively, suggests the possibility that drug
inhibitors with specificity for targeting individual isoforms
may be found in the future. The subsequent metabolic
step in the synthesis of serotonin (and also norepinephrine
or dopamine) involves the decarboxylation of 5-hydroxy-
tryptophan (and L-DOPA) by the action of the cytosolic
enzyme L-aromatic amino acid decarboxylase. Metabolism
of serotonin is carried out primarily by the outer mito-
chondrial membrane enzyme monoamine oxidase (MAO),
which occurs as two molecular subtypes called MAO-A
and MAO-B. Both subtypes have a widespread occur-
rence in the brain and in peripheral tissues. Regular use of
psychobiotic microorganisms has a direct role in the host
immune balance [9,11,12].

Stress, even at a low level, induces excessive cortico-
sterone and adrenocorticotropic release and deregulates
the adrenal axis functions [12,13]. In addition, pro-in-
flammatory cytokines decrease the serotonin level, which
leads to psychological disorders, such as anxiety/depression
and consequent decrease in the host immunity [12,14,15].
Various lactic acid bacteria strains play an important role
in the serotonin synthesis (described above) in the body
[7] and has a direct relationship in the communication of
the brain-gut axis biderectional system. Serotonin func-
tions as a key neurotransmitter at both terminals of this
system (gut and brain). Scientific evidence points to a im-
portant role for the gut microbiome in regulating of this
system. The mechanism may be related to the ability of
the gut microbiota to produce tryptophan assisting in se-
rotonin synthesis (described above) in the host body [7].
Main genera of psychobiotic microorganisms are in
Figure 1 [7,9,11,12]. Therefore, regular consumption of
probiotic strains is important for body balance, partic-
ularly to keep your immune system healthy [7,8,12].

The substances consumed (prebiotics, bioactive sub-
stances, vitamins and amino acids) can be fermented by
psychobiotic microorganisms present in the gut micro-
biome, improving the functioning of the host body [16].
Prebiotics are “ingredients not metabolized by the host
and fermented by the gut microbiota that have specific ac-
tivities in maintaining the healthy intestine microbiota,
which confer well-being and health of the host” [17]. In
2018 Betiku and collaborators reformulated the concept
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Main genera of psychobiotic microorganisms

Bacteria genera

Lactobacillus spp.

Lactococcus spp.
Leuconostoc spp.

Bifidobacterium spp.

Influence:

+ Mobility
+ Secretions

Gut-brain axis

« Supply of nutrients
+ Balance of the intestinal microbiota

CGREP, calcitonin gene-related peptide
CRLR, calcitonin receptor like receptor

CRH, corticotropin-releasing hormone
ACTH, adrenocorticotrophic hormone

+ Lactobacillus spp.
+ Lactococcus spp.
+ Leuconostoc spp.
- Bifidobacterium spp.

Yeast genera

Saccharomyces spp.

0.2 cm

Kluyveromyces spp.

Kazachstania spp.

0.2 cm

Fig. 1. Main genera of psychobiotic/
probiotic microorganisms.

Hypothalamic-pituitary-adrenal axis

Influence:

+ Neurotransmitters

+ Stress/anxiety and depression
+ Humor and behavior

» Immune system

Probiotic microbiome

« Saccharomyces spp.
« Kluyveromyces spp.
« Kazachstania spp.

Balanced microbiome provides mental health and modulate the immune balance

of prebiotics to: “Prebiotics, which are feed ingredients
that are not endogenously digestible by the host but se-
lectively stimulate the growth of beneficial microbes in
the host” [18]. These substances are converted in the gut
to other active molecules, including tryptophan and sero-
tonin and these metabolites affect the immune system

Fig. 2. Functional system of the
“Gut-Brain Axis”.

and/or host central nervous system [16,17].

Gut-Brain Axis

According to previous studies, the connection between
gut balance and menthal/functional well-being receive
the name “Gut-Brain Axis”, which is is a complex system
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that helps the body, decreasing stress\anxiety levels
[3-6,19,20] in addition to improving the host’s immune
system [6,10]. This axis involves the functions of the gut
with the brain providing good health to the host
[3-6,19,20].

The gut and brain send and receive information
through the neural pathways as well as through the blood
system [3-6,19,20]. The gut-brain axis also influences the
endocrine functions and nervous system, as well as the of
host behavior [3-6,19,20]. The gut-brain axis is regulated
by the activity levels of the neural, hormonal and immune
systems [6,10]. The functional regulation of the gut-brain
axis is decreased with specific changes in the stress\anxi-
ety levels [3-6,19,20].

The functional system of the “Gut-Brain Axis” is repre-
sented by Figure 2. Calcitonin gene-related peptide
(CGRP) is a substance derived from calcitonin peptides.
CGRP is produced by neurons and released in the intes-
tine when the gut microbiota is impaired with an increase
in pathogenic microorganisms [6]. After the infection is
activated and the CGRP secreted, the host defense and
immune response are activated by the receptor like re-
ceptor calcitonin (CRLR). When the gut microbiota is bal-
anced by probiotic microorganisms consumption, the
CGRP has a regulatory effect on gut-brain axis [6].
Corticotropin-releasing hormone (CRH) and adrenocorti-
cotrophic hormone (ACTH) are released on hypothalamic-
pituitary-adrenal axis and respond to the inflammation
caused, in addition to activating the immune system
against pathogens (Bacteria, Fungi, and Viruses) [6].

The hypothalamic—pituitary-adrenal axis is studied in
humans and animals. Current studies examined the CRH
administration in humans reproduced a neurological
stress. CRH increased the gut permeability and the ACTH
volume in plasma [21]. In mice studies infected with
pathogenic microorganisms evaluated the action of the
hypothalamic—pituitary-adrenal axis regarding the activ-
ity of CRH and ACTH. The mice showed anxiety and
stress disorders, proving that the gut microbiota im-
balance interferes with the balance of the hypothalamic-
pituitary-adrenal axis [22].

The hypothalamic-pituitary-adrenal axis (HPA axis or
HTPA axis) is a complex set of direct influences and feed-
back interactions among three components: the hypothal-
amus, the pituitary gland (a pea-shaped structure located
below the thalamus), and the adrenal (also called

“suprarenal”) glands (small, conical organs on top of the
kidneys). These organs and their interactions constitute
the HPA axis, a major neuroendocrine system that con-
trols reactions to stress and regulates many body proc-
esses, including digestion, the immune system, mood/
emotions, sexuality, and energy storage and expenditure.
It is the common mechanism for interactions among
glands, hormones, and parts of the midbrain that mediate
the gut-brain axis [22]. The gut-brain axis provides a host
body communication that can cause several pathological
consequences if there is funcional deregulation [2-4,23].

Probiotics on Immune Response

To display a beneficial impact on the host health, the
probiotic microorganisms should be able to survive in
stressful/harsh conditions of the stomach and gastro-
intestinal tract of the host. One of the ways probiotics mi-
croorganisms promote host health is by inhibiting the
growth of pathogenic strains. Probiotic microorganisms
compete for nutrients for growth and proliferation in the
host gut, eliminating pathogens [4,24]. In addition, pro-
biotic microorganisms can influence the activity of host
immune cells, regulating inflammation, barrier function,
and cell-to-cell signaling [24]. One way to foster healthy
gut microbiota is to eat more natural and nutritious food,
in addition to the consumption of probiotic microor-
ganisms. Increasing the intake of plant fibers, vegetables,
fruits, legumes, whole grains, nuts, and seeds is like pro-
vide good nutrition for the probiotic microbiota of the gut
[16,24]. Another way to nurture a healthy gut is to con-
sume foods that contain beneficial microorganisms
(probiotics) and prebiotics. This includes the symbiotic
foods, such as yogurt [25;26], kefir [27,28] and kombu-
cha [29,30].

Studies on the probiotics microorganisms action on the
host immune system have been carried out for some time.
Non-recent and recent bibliographies, most reporting
studies with lactic acid bacteria have shown that pro-
biotics have an immunostimulating effect in animals and
in man, although the mechanisms by which this occurs
are not yet fully understood [4,24].

The immunostimulating effect may be related to the
probiotic microorganisms ability in interact with Peyer
plaques and intestinal epithelial cells, stimulating 1gA-
producing B cells and migration of T cells from the gut
[24,31]. Regular use of probiotics increase the macro-
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phages phagocytic activity, stimulating the immune sys-
tem [24]. To fight infections, the immune system must be
able to identify pathogens organisms. These organisms
have antigens molecules on their surface. When a patho-
gen gets into the body, the immune system reacts in two
ways: a) The innate immune response is a rapid reaction.
Innate immune cells recognize the antigens found on
pathogens. These cells also react to signaling molecules
released by the body in response to infection. Innate im-
mune cells quickly begin fighting an infection. This re-

sponse results in inflammation. The cells involved in this
reaction can kill pathogens and/or can also help activate
cells involved in adaptive immunity. b) The adaptive im-
mune response is slower than the innate response but is
better able to target specific pathogens. There are 2 main
cell types involved in this response: T cells and B cells.
Some T cells kill pathogens and infected cells. Other T
cells help control the adaptive immune response. The
main function of B cells is to make antibodies against spe-
cific antigens. Antibodies, also known as immunoglobulins,

Table 1. Characteristics of trials on the psychobiotic/probiotic microorganisms dosage effect on host body functionality

Reference Number of patient

Microbial intervention and dosage

Period of

therapy Results on body functionality

Majeed et al. [43] 40 (equal number

for control group)

Kazemi et al. [39]
for control group)

Ghorbani et al. [38]
for control group)

Bacillus coagulans (2 x 10° CFU/ml)

110 (equal number  Lactobacillus helveticus and Bifidobacterium
Jongum (10° CFU/ml each)

3 months  Significant improvement in
HAM-D and MADRS, to the
control group

2 months  Significant reduction in BDI by
probiotic compared to the
control group

40 (equal number 3 g POS containing Lactobacillus casei (3 x 10° 10 weeks Significant reduction in HAM-D
CFU/g), Lactobacillus acidophilus (2 x 10°
CFU/g), Lactobacillus bulgaricus (3 x 10°
),

compared to the control group

CFU/g), Lactobacillus rhamnosus (3 x 10°
CFU/g), Bifidobacterium brevis (3 x 10° CFU/g),
Bifidobacterium longum (1 x 10° CFU/g),
Streptococcus thermophilus (3 x 10° CFU/g)

Lee et al. [42] 82 (equal number
for control group)
60 (equal number

for control group)

Kouchaki et a/. [41]

Weissella cibaria (1 x 10'° CFU/g)

Lactobacillus acidophilus, Lactobacillus casei,
Bifidobacterium bifidum and Lactobacillus

2 months  Major NK cell activity compared
to the control group

3 months  Significant reduction in BDI and
DASS compared to the control

fermentum (2 x 10° CFU/ml each) group

De Lorenzo et al. [37]
for control group)

48 (equal number 3 g POS containing Streptococcus thermophilus, 3 weeks  Significant reduction in
Bifidobacterium animalis subsp. /actis,
Bifidobacterium bifidum, Lactobacillus

SCLI0R-Dep compared to the
control group

delbrueckii, Lactobacillus lactis subsp.
Jactis, Lactobacillus acidophilus,
Lactobacillus plantarum, Lactobacillus
reuteri (1.5 x 10° CFU/ml each)

Marcial et al. [44] 42 (equal number

for control group)

Pinto-Sanchez et al. [45] 44 (equal number
for control group)

Akkasheh et al. [36] 40 (equal number
for control group)

Kim et al. [40] 25 (equal number
for control group)

Lactobacillus johnsonii (5 x 10° CFU/g)
Bifidobacterium longum (10'° CFU/ml)
Lactobacillus acidophilus, Lactobacillus casei,

Bifidobacterium bifidum (2 x 10° CFU/ml each)

Bacillus polyfermenticus (3.1 x 10° CFU/g)

2 months  Major NK cell activity and higher
percentage of CD8 cells
compared to the control group

14 weeks HAM-D was significantly smaller
in 6 and 10 weeks compared to
the control group

2 months  Significant reduction in BDI by
probiotic compared to the
control group

18 weeks Major concentration of 1gG,
higher percentage of CD4 cells,
CD8 cells and CD56 cells
compared to the control group

POS, psychobiotics oral suspension; HAM-D, Hamilton rating scale for depression; MADRS, Montgomery-Asberg depression rating scale; BDI,
Beck depression inventory; NK, natural killer; DASS, Depression, anxiety and stress scale; SCL9OR-Dep, Symptom checklist 90-depression; 1gG,

immunoglobulin G.
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are proteins that attach themselves to pathogens. This sig-
nals immune cells to destroy the pathogen. Some T and B
cells change into memory cells to combat reinfection by
the same pathogen [24,31].

Different Lactobacillus strains are consumed. Lactobacillus
can be used in immunotherapeutic applications such as a
“oral vaccination - therapy” for T cell tolerance induction
against autoimmune disease [32]. Oral administration of
Lactobacillus reuteriand Lactobacillus brevisinduced ex-
pression of the pro-inflammatory cytokines [32]. Cytokines
are small proteins (~5—20 kDa) important in cell
signaling. Cytokines modulate the balance between hu-
moral and cell-based immune responses and are im-
portant in health and disease, specifically in host immune
responses to infection and inflammation [32]. Lactobacillus
strain selection provides a strategy to influence cytokine
expression and generate an immune response, improving
the host immune system [32].

Lactobacillus rhamnosus reduced the cell multi-
plication of £scherichia coli O157: H7 in infected mice
experimentally, stimulating the increase of the macro-
phage activity and IgA antibody [33]. Perdigén et a/. [34]
demonstrated that Lactobacillus casei and Lactobacillus
plantarum interacted with the M cells of the Peyer pla-
ques, stimulating a specific secretory immunity.

Shu et al. [35] reported that piglets treated with
Lactobacillus lactis HN109 showed decreased diarrhea
associated with Rotavirus, increasing antibodies against
specific pathogens in the gastrointestinal tract. Treatment
also increased the concentration of blood neutrophils and
the proliferative response of T lymphocytes.

Table 1 shows the characteristics of trials on the pro-
biotics dosage effect on host body functionality. Overall,
the effect of probiotics microorganisms on satisfactory re-
sponse to the host showed a wide variance across the in-
cluded studies. An important consideration of this review
is the vast range of microbial strains used in clinical trials.
Of the included studies in this review, microbial strains
were the same in different trials, providing different
benefits. It follows that a single strain or various microbial
strains, lumped together as “Probiotic consumption ther-
apy” can be applied for benefits to the host [36-45].

DISCUSSION

Several scientific studies have shown the importance of

the gut-brain-microbiome axis [2-4,23,24]. Gut-brain-mi-
crobiome axis has proven to be fundamental for the host
well-being. For a while, the brain was searched exclusively
for the psychiatric illnesses origin [2,31]. However, others
research sources are in the literature. There is evidence in
the literature about the ability gut microbiome ability in
modulate the immune system through the gut-brain axis
(3,4,24,46].

Intestinal dysbiosis affects the host's immune system.
The influence of the microbiome on the gut-brain axis is
justified by the growing study of psychobiotics in the most
diverse areas, such as health sciences, microbiology, neu-
rology, biotechnology and food sciences. Gut-brain axis
must be considered as a “virtual organ” of the host, given
its importance for its mental and physical balance.
Combating intestinal dysbiosis in an individual over time
becomes essential in the prevention of pathological
conditions. The development of new therapies, such as
“psychobiotic therapy”, is extremely important. The liter-
ature shows that the intestinal dysbiosis interferes on
gut-brain axis balance and consequent host immune de-
cline [3,4,24,46).

Through simple strategies, such as probiotic use and a
healthy diet with cereals, vegetables and fruits (e.g., or-
ange juice as a prebiotic in the balance of the intestinal
microbiota and glycemic/lipid index [16], each person
can improve the intestinal microbiome and keep the
gut-brain system healthy. Psychobiotic therapy has pro-
ven antidepressant/anxiolytic properties [7,8,14]. Thus,
the use of “Psychobiotic Therapy” in the daily diet is op-
portune and gains more and more prominence.
Psychobiotic therapy may ultimately be used to reinforce
host immune balance against pathogens, for example: vi-
rus [4,35], bacteria and fungus [4,24,33].

Correlating with the current time, the benefits of using
psychobiotic microorganisms can be enjoyed by the gen-
eral population. For example, the world today suffers
from a pandemic, COVID-19. COVID-19 is a highly in-
fectious disease caused by the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), which is respon-
sible for the development of serious and even fatal respi-
ratory disorders [47]. In addition to physical disorders,
COVID-19 outbreak can also harm the mental health of
professionals and the general population, causing anxi-
ety, stress, panic and depression, may result in immune
imbalance [48-51]. In view of this, there is a clear need for
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the urgent methods that aim to the balance of the pop-
ulation’s mental health. Thus, the utilization of psycho-
tropic remedy to control problems related to emotional
health during this pandemic is almost inevitable. The use
these remedy are often associated with endocrine and
metabolic side effects, which involve changes in the com-
position of the gut microbiota, may result in disorders
such weight loss, weight gain, metabolic syndrome, dia-
betes, hyperparathyroidism, hypothyroidism, hypertension
and sexual dysfunction [46]. Thus, the adoption of less ag-
gressive “therapy” to the host body need to be considered,
such as “Psychobiotic Therapy” [52-56]. The main advan-
tages of using psychobiotic therapy in maintaining mental
health during the pandemic such as COVID-19 is that, be-
cause they are microorganisms that belong to microbial
genera naturally found in the intestinal tract (Fig. 1), they
may present a lower risk of body rejection reactions caus-
ing allergies or other disorders. In light of the above, could
psychobiotic (probiotics) microorganisms be a alternative
for maintaining mental health in the face of a fragile
population. Certainly, future clinical approaches are
needed to ascertain their effectiveness in improving men-
thal disorders resulting from the evolution of COVID-19
outbreak. However, some potential strategies include the
use of probiotic foods and natural, which have reports in
the scientific literature of their numerous probiotic and
nutritional benefits, such as “kefir’ and “kombucha’
[27-29,30,57-60].

CONCLUSIONS

An increasing number of reports have emerged and
provided evidence for the effects of psychobiotics
(probiotics microorganisms) in the balancing action of the
gut-brain axis [52,53,56,60]. Some of single or multiple
microbial strains can beneficially affect the central nerv-
ous system functions mediated by the gut-brain axis, im-
proving the host immune system, including mood, anxi-
ety, depression and stress. This results in a promising host
defense against bacterial, fungal and viral pathogens.
Thus, psychobiotic therapy can be a promising strategy to
improve and/or maintain the quality of life of people who
are healthy or who suffer from anxiety/stress disorders, in-
testinal dysbiosis and even immunosuppressed people.

This is such a hot theme it can surely only be a matter of
time for psychobiotic therapy offers an “alternative treat-

ment”, but scientific, for people diagnosed with a variety
of mental/immunological disorders. Instead of targeting
the mind (brain), we could go for the gut. “This new way of
looking at mental health linked to gut health is literally
looking at health upside down”.
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