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ABSTRACT

Introduction and aim. Nowadays, almost 4% of people in the world suffer from depressive disorders, and the forecasts of fur-
ther increase in incidence are alarming. The disease is debilitating and can lead to suicide, and available treatments are still
imperfect. The aim of the study was to review the literature and present the potential role of the gut microbiota in the devel-
opment of depression and to consider the use of prebiotics and probiotics as one of the therapeutic options in this disease.
Material and methods. Review of articles published on PubMed since 2015.

Analysis of the literature. The available reports point to a relationship between disturbances in the composition of the intes-
tinal flora and the development of depressive disorders. In addition, more and more studies indicate the benefits of the influ-
ence on mood and clinical improvement, observed when using psychobiotics as an adjuvant treatment of depression, as well
as monotherapy.

Conclusion. Further research is needed in this area, especially in humans, to gain a deeper understanding of the role of the gut

microbiota in depression and the promising use of psychobiotics for its treatment.
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Introduction

Around 3,8% of the human population worldwide cur-
rently suffer from depression, and this disease affects
women by approximately 50% more than men.! Unfor-
tunately, the problem is constantly increasing, and the
most important and dangerous complication of this de-
bilitating disease is the occurrence of suicides. Annual-
ly 700,000 people commit suicide in the world, and in
the group of people 15-29 years old it is the 4th lead-
ing cause of death.! Currently, depression is the fourth
most serious disease and according to forecasts by the
World Health Organization, will be the most widespread
disease entity by 2030.” The clinical picture of the dis-
ease mainly consists of low mood, anhedonia and cogni-

tive disorders. Concentration problems may also occur,
and sleep and eating are disturbed, which can disrupt
the daily functioning of such a patient.’ Despite the exis-
tence of many therapeutic options, the waiting time for
the treatment effect is quite long, sometimes even up to
6 weeks. Moreover, recovery is not facilitated by the oc-
currence of side effects of these substances, which often
forces clinicians to change treatment or add more medi-
cations to get the desired result.* It is estimated, that only
half of the patients respond to treatment, and the diag-
nosis is made mainly on the basis of the symptoms re-
ported by the patient, which means that the therapy is
not specific to the pathophysiological mechanisms of de-
pression.® Therefore, further progress is needed to better
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understand the pathophysiological mechanisms of this
disease and to improve its treatment.® This is very im-
portant because there are a number of causative factors
that can lead to depressive symptoms, including biolog-
ical, genetic, environmental and psychological factors.”
Increasingly, the influence of the state of the intestinal
flora is considered as contributing to the development
of this disease. Endogenous microbial intestinal flora,
which consists of trillions of microorganisms, plays a
key role in maintaining the correctness of physiologi-
cal processes occurring in the human body.® Thanks to
the presence of effective two-way communication be-
tween the intestines and the brain, based on numer-
ous mechanisms, it is possible to mutually transfer
the essential information between the aforementioned
structures necessary for their proper functioning. This
correlation is referred to as the microbiome-gut-brain
axis (MGBA).® In recent years, researchers have shown
increased interest in both the composition of this eco-
system and the potential associations of microbiome
disorders with the occurrence of psychiatric or neuro-
logical diseases.® In addition, due to the search for new
therapeutic options, attention is drawn to the effect of
supplementation of probiotics, prebiotics and synbiot-
ics on the clinical improvement of patients with depres-
sive disorders."

Aim

The aim of this review is to highlight the importance of
the problem of depression and to present the role of the
intestinal microbiota in its pathomechanism, and in ad-
dition to consider whether probiotics and prebiotics can
be one of the therapeutic options for this disorder.

Material and methods

This review article focuses on on the role played by the
intestinal microbiota in the pathomechanism of depres-
sion, and, on the other hand, consider the potential ben-
efits using probiotics and prebiotics in terms of clinical
improvement in people with depression, based on a se-
lective review of PubMed publications. We have consid-
ered reviews and original papers since 2015 and WHO
report.

Analysis of the literature

The microbiome-gut-brain axis

The mammalian gastrointestinal tract, including hu-
mans, is inhabited by nearly 1000-1500 species of bacte-
ria. Together with various fungal and viral species, they
constitute the gut microbiota, a diverse and variable
community. This composition is influenced by factors
such as diet, age, lifestyle, and inflammatory status.'' A
stable and diverse microbiota plays a crucial role in reg-
ulating metabolic and immune processes within the hu-
man body." In recent years, scientists have discovered a

bidirectional communication between the gut microbi-
ota and the brain, termed the gut microbiota-brain axis.
It means that the state of the gut microbiota influences
the behavior and function of the brain, and the brain,
through its many neural properties, influences gut func-
tion." The specific mechanisms and connections with-
in the gut microbiota-brain axis are very complex and
not yet fully elucidated, and further research is need-
ed to unravel the complexities of these interactions and
correlations.'>!* There are reports that these two areas
of our body are connected by several ways, including
nervous, hormonal, metabolic and immunological, in-
cluding mainly the autonomic nervous system (ANS),
the enteric nervous system (ENS), vagus nerve, the hy-
pothalamic-pituitary-adrenal axis (HPA), the sym-
patho-adrenal system, and descending monoaminergic
pathways.'>'¢ The extensive connections between the
nervous and gastrointestinal systems explain the poten-
tial presence of depressive and anxiety disorders in in-
dividuals with abnormal gut microbiota composition."”
Changes in the gut microbiota composition can also im-
pact the nervous system through metabolic pathways.
Microorganisms in our intestines are capable of pro-
ducing neurotransmitters such as dopamine, GABA,
noradrenaline, short-chain fatty acids (SCFAs) and se-
rotonin that affect the proper functioning of the brain
and mood."**? Neurotransmitters that are produced
in abnormal amounts by the intestinal microflora can
affect the development of neurological and depressive
disorders.'** For example, certain bacterial strains such
as Escherichia spp. and Lactobacillus spp. can synthesize
gamma-aminobutyric acid (GABA), which is an inhib-
itory neurotransmitter in the central nervous system.'
Neurotransmitters such as kynurenine and serotonin
also play a key role in the pathogenesis of depressive
disorders. They are synthesized in the process of tryp-
tophan metabolism, so a decrease in their level is most
often associated with a decrease in the supply of this
amino acid because it is obtained only from diet. Studies
have shown that a diet increasing tryptophan levels can
result in fewer depressive symptoms, while a diet low in
this amino acid caused irritability and anxiety.” By also
assessing the 3HKYN:KYN ratio, the level of destabi-
lization can be estimated. This coefficient reflects the
degree of conversion of kynurenines via the kynurenine
pathway. Disturbances in kynurenine metabolism are
reflected in a wide range of somatic and psychiatric dis-
eases.” In addition, the vagus nerve plays a crucial role
in maintaining the continuity of proper MGBA com-
munication. Microorganisms regulate the activation
of the vagus nerve, and then the signal is transmitted
to the CNS, enabling healthy mental functioning. It is
therefore assumed that disturbances in the composi-
tion of the intestinal ecosystem can affect the informa-
tion transmitted to the brain via the vagus nerve, and
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in consequence causing the symptoms of depression.?
Each change in the composition of the intestinal mi-
crobiome causes the production of lipopolysaccharides
(LPS) by microorganisms, which results in the activa-
tion of inflammatory reactions. The cytokines produced
send signals to the vagus nerve, thus connecting to the
HPA axis. There are reports suggesting that cutting the
nerve X caused the disappearance of the influence of the
microbiome on the behavior of animals tested for anx-
iety and depression symptoms.** The hormonal regula-
tion of MGBA is mainly based on the HPA axis pathway.
The intestinal microflora regulates the proper function-
ing of the HPA, for which it is responsible already in the
first years of life. Numerous reports have shown that ex-
cessive activity in the HPA area is important for the de-
velopment of depression, e.g. through excessive activity
of adrenocorticotropic hormone (ACTH), corticotro-
pin-releasing hormone (CRH) and cortisol, which dis-
turbs appropriate the body’s response to psychological
stress.” There are also reports suggesting a potential in-
fluence of the gut microbiota through Toll-like receptors
2 and 4 (TLR2 and TLR4).'s Disruptions in the gut mi-
crobiota composition can compromise the integrity of
the gut barrier, leading to increased permeability. This
can result in the translocation of bacterial metabolites to
mesenteric lymphoid tissues, potentially contributing to
neurological disorders.?® A prominent component of the
gut microbiota, LPS, is recognized by Toll-like receptors
mainly located on microglial cells. This activation leads
to the release of pro-inflammatory cytokines, contrib-
uting to the development of neurological disorders.”
These and many other mechanisms, not fully under-
stood, contribute to the bidirectional relationship be-
tween the gastrointestinal and nervous systems known
as the gut microbiota-brain axis. Changes in the com-
position of gut microbiota can lead to alterations in im-
mune regulation and metabolic changes that influence
the nervous system. Imbalance in the MGBA contrib-
utes to the development of many diseases, particularly
depression and anxiety disorders.?®

The potential impact of gut microbiota in the develop-
ment of depression

In recent years, numerous studies have been conducted
comparing the gut microbiota composition of individu-
als with depression and anxiety disorders to control
groups. A consistent trend has been observed, showing
an increase in the abundance of bacteria from the Bacte-
roidetes, Protobacteria, and Actinobacteria genera, as
well as a decrease in the abundance of bacteria from the
Firmicutes genus in patients with depressive and anxiety
disorders. Additionally, reduced levels of bacteria from
the Faecalibacterium, Eubacterium rectale, Lachnospira,
Butyricicoccus, and Sutterella genera in individuals with
depressive and anxiety disorders result in decreased

production of short-chain fatty acids (SCFA).? Conse-
quently, this leads to disruption of the gut barrier and
dysregulation of the immune system, which impacts
brain dysfunction.”** Fecal samples of Polish women
were analyzed for the presence of SCFA in order to in-
vestigate the role of this factor as a potential cause of
women’s mental health disorders. In the group of 11 pa-
tients who did not show depressive symptoms, higher
concentrations of almost all short-chain fatty acids were
observed compared to the group of patients who were
diagnosed with worsening depression using the Beck
Depression Inventory (BDI). Moreover, in the group of
women who showed depressive symptoms, increased
levels of isocaproic acid were observed, which may con-
tribute to the development of these symptoms.*’ In
many other studies comparing the gut microbiota com-
position of individuals with depression and anxiety dis-
orders, a decreased level of bacteria from the Prevotella
genus has been demonstrated compared to the control
group.’** Individuals with depression and anxiety dis-
orders have also been observed to have a lower abun-
dance of bacteria from the Faecalibacterium and Sut-
terella genera.** Furthermore, the presence of bacteria
from the Eggerthella genus has been positively correlat-
ed with the occurrence of depressive and anxiety disor-
ders.*® Patients suffering from depression are often ac-
companied by intestinal disorders such as vomiting,
abdominal pain, constipation, nausea, bloating or even
irritable bowel syndrome (IBS).* It has been proven that
the presence of disturbances in the composition of the
intestinal microbiota may affect mood disorders. The
meta-analysis showed that patients suffering from major
depressive disorder (MDD) in the composition of their
intestinal microbiota have less bacteria from the fami-
lies: Veillonellaceae, Prevotellaceae and Sutterellaceae
and less bacteria from the genus: Coprococcus, Faecali-
bacterium, Ruminococcus, Bifidobacterium and Esche-
richia compared to healthy subjects. In patients with de-
pressive disorders there was an increased level of
bacteria of the genus Paraprevotella.”” Other scientific
work has shown that the following are involved in the
pathogenesis of depression: increased number of En-
terobacteriaceae and Alistipes bacteria and decreased
number of Faecalibacterium. What's more, anxiety and
depression were accompanied by the presence of bacte-
ria from the families: Ruminococcaceae, Shewanellaceae,
Halomonadaceae and Verrucomicrobiae. A clinical study
found elevated numbers of Bacteroidetes and Proteobac-
teria in MDD patients and decreased numbers of the
Lachnospiraceae and Ruminococcaceae families.*® Stud-
ies conducted on rodents have proven that animals ex-
hibiting depressive behavior had a higher ratio of Bacte-
roides to Firmicutes bacteria in their gut microbiota. An
experiment with mice exposed to chronic stress showed
an increased population of Clostridium and a decreased
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population of Bacteroides in their gut microbiota. Ob-
serving these relationships prompted scientists to look
for biological relationships between intestinal dysbiosis
and the occurrence of depression. It has been proven
that changes in the intestinal microflora are associated
with a change in the permeability of the intestinal barri-
er and with chronic inflammation. Modifications in the
permeability of the intestinal barrier occur by reducing
the number of strict proteins: claudin-5 and occludin.
This is associated with changes in the secretion of intes-
tinal peptides that have the ability to contact the central
nervous system, taking a part in the gut-brain axis.”” Hy-
peractivity of the hypothalamic-pituitary-adrenal (HPA)
axis is also associated with leaky gut. HPA stimulates the
immune system and the production of reactive oxygen
species (ROS) and reactive nitrogen species (RNS). ROS
and RNS can damage structures in cell membranes,
causing leaky gut and chronic inflammation. Factors
that activate the HPA axis include LPS, secreted by
Gram-negative bacteria, and peptidoglycan, a compo-
nent of the cell wall of most bacteria. Hyperactivation of
HPA increases the secretion of cortisol, the high level of
which can cause depression. Homocysteine is an amino
acid synthesized from the breakdown of folic acid, vita-
min B6 and vitamin B12. Scientific studies have shown
that increased levels of homocysteine are associated
with depression. Hyperhomocysteinemia disrupts the
epithelial barrier and causes increased intestinal perme-
ability, which causes inflammation. It has been proven
that the bacteria that are the main producers of this ami-
no acid are: Subdoligranulum sp., Eubacterium sp. and
Clostridiales family XIIL.** Gram-negative bacteria pres-
ent in the intestines secrete endotoxin-lipopolysaccha-
ride (LPS), which triggers the production of post-in-
flammatory cytokines such as: IL-6, IL-1p and TNF-q,
contributing to the abnormal secretion of intestinal pep-
tides and thus the pathological functioning of the intes-
tinal-gut axis cerebral. Increased amount of the pro-in-
flammatory enzyme indoleamine 2,3-dioxygenase,
secreted e.g. as a result of the action of LPS, reduces the
level of serotonin, the deficiency of which is crucial in
the development of depression.***” In addition, intesti-
nal dysbiosis triggers the loss of goblet cells, which re-
sults in a reduction in mucus secretion and thinning of
its’ layer. This may be the reason why toxic metabolites
move into the bloodstream and cause inflammation.*
Yuan et al. conducted an analysis of gut microbiota in
240 study participants, among whom 129 were suffering
from active colitis ulcerosa (CU). In patients with coex-
isting depression and CU, a lower diversity of gut micro-
biota was observed compared to patients with UC with-
out depression. Furthermore, individuals with both CU
and depression exhibited a microbiota composition
characterized by a reduced abundance of bacteria from
the Prevotella and Lachnospira genus, along with an in-

creased overgrowth of bacteria from the Lactobacillales,
Sellimonas, Streptococcus, and Enterococcus genera, as
compared to those with CU but without depressive dis-
orders.”® Depression and dementia are the most com-
mon diseases diagnosed in the elderly. Malnutrition is a
massive problem in the geriatric population, which may
be a cause of depression and may also exacerbate its
symptoms. Depressive disorders in the elderly are asso-
ciated with weakness, worse outcomes of chronic diseas-
es and even higher mortality. A review of scientific arti-
cles proved that an adequate supply of nutrients has a
positive effect on the occurrence of depression in this
age group. Omega-3 fatty acid supplementation reduces
oxidative stress, which is associated with depressive
symptoms. In addition, fasting has a positive effect on
the brain availability of serotonin, the deficiency of
which is closely related to the disease. It has been proven
that a low-calorie diet with the preservation of protein,
minerals, water and vitamins also has a positive effect on
well-being.* Depressive disorders are diagnosed twice
as often in women. This is due to fluctuations in estradi-
ol levels. Physiological decline in the level of this hor-
mone occurs after menopause and after childbirth.
Pathological causes include ovarian failure, hyperpro-
lactinemia, congenital adrenal hyperplasia, and polycys-
tic ovary syndrome. A scientific study aimed to detect
microbes that break down estradiol in the intestines of
women with depression in premenopausal age. Initially,
estradiol was incubated with intestinal microbes taken
from women suffering from depression and from
healthy patients. It was found that this hormone decom-
poses within 120 minutes in 77.8% of women suffering
from depression and in 19.3% of women without de-
pression. Then it was established that the bacterium that
degrades estradiol is Klebsiella aerogenes by the enzyme
3B-hydroxysteroid dehydrogenase (3p-HSD). Other
bacteria that were detected in patients with the 3-HSD
enzyme were: Bacteroides thetaiotaomicron and Clostrid-
ia.”* Diet also plays an important role in the proper func-
tioning of the intestinal microbiota. It has been observed
that individuals following a healthy and balanced diet
are less prone to depression. Research conducted on the
impact of diet on gut microbiota composition indicates
that a low-fiber diet rich in saturated fats reduces the
levels of bacteria from the Lactobacilli genus. On the
other hand, the mediterranean diet reduces the number
of pathogenic bacteria such as Escherichia coli, and in-
creases the abundance of key commensal bacteria like
Bifidobacteria, Clostridium cluster XVIa and Faecalibac-
terium prausnitzii.’

The use of probiotics and prebiotics as a potential thera-
peutic option for depression

Increasingly, the modification of the intestinal micro-
biota with the use of supplementation with probiotic
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or prebiotic substances is being considered. Over the
last decade, the concept of psychobiotics has appeared,
which is defined as probiotic bacteria that, when used
in appropriate doses, have an effect on the function of
the intestinal microbiota and MGBA, contributing to
the improvement of mental health.** Potential prop-
erties are attributed mainly to substances containing
strains of bacteria from the Lactobacillus, Bifidobacte-
rium, Streptococcus and Enterococcus groups. When it
comes to prebiotics, these are food elements that have
not been digested and thus contribute to the stimula-
tion of growth and activity of bacteria in our intestines.*
Eight-week study conducted on a group of 110 patients,
of whom 81 with abnormal depressive symptoms, who
were randomly assigned to the one of groups using pre-
biotic, probiotic or placebo. The therapeutic effect was
compared by patients‘ subjective assessment of the se-
verity of the effect using the BDI. It was observed that,
compared to the use of placebo,benefits were incurred
in connection with the use of a probiotic (Lactobacil-
lus helveticus and Bifidobacterium longum), and in the
case of a prebiotic (galactooligosaccharide) no effect on
improving the well-being of the patients.*> A post hoc
analysis showed an improvement in the antidepressant
response in depressed subjects who took the probiot-
ic substance L. helveticus R0052 and B. longum R0175,
compared to the groups using placebo and prebiotic. In
addition, in this study assessed the level of neurotroph-
in, the deficiency of which may disturb the physiological
processes of the central nervous system, and, according
to recent reports, also contribute to the occurrence of
mood disorders and symptoms of depression. There was
a significant increase in BDNF due to the probiotic, and
interestingly, a slight decrease in BDNF was observed in
the prebiotic group. Further research is recommended
to examine the impact of the use of psychobiotics and
prebiotics on the level of BDNF and the correlation of
this factor with the severity of depressive symptoms.*
In another study, the effectiveness of the use of a pro-
biotic containing Clostridium butyricum MIYAIRI 588
was tested and clinical improvement was demonstrat-
ed in 70% of the subjects, where the probiotic was used
as a supportive treatment in therapy, without observ-
ing any disturbing side effects.* The use of probiotics
as adjuvant treatment was also evaluated by Rudzki et
al., who in a randomized study assigned patients to two
groups, the first received a probiotic containing Lacto-
bacillus plantarum 299v (LP299v) and an SSRI for eight
weeks, and the second group received an SSRI and pla-
cebo. On a weekly basis, the severity of the symptoms
of the disease and cognitive processes were assessed us-
ing the available depression scales, and what is more,
biochemical tests were carried out, taking into account,
among others, the level of tryptophan and kynurenine.
In the group of people using a probiotic and antidepres-

sant treatment, a significant improvement in cognitive
processes was noticed, and what is more, a decrease in
the concentration of kynurenine, i.e. a substance that
under physiological conditions has a neuroprotective
effect, was observed, and its high concentrations de-
termine neurodegenerative and neurotoxic processes.*
Another study also showed a positive effect of the use
of probiotics in the treatment of depressive disorders.
Patients were treated once with Lactobacillus acidophi-
lus, Lactobacillus casei and Bifidobacterium bifidum. Pa-
tients suffering from depression and receiving probiotics
achieved an improvement in their health condition (as-
sessment according to the BDI questionnaire) compared
to patients who received placebo.” In recent years, at-
tempts have also been made to treat major depressive
disorders using Lactobacillus casei strain Shirota (LcS).
In a study involving patients with major depressive dis-
orders, a decrease in the severity of depression symp-
toms based on the Hamilton Depression Rating Scale
was observed after using the above-mentioned probiot-
ic. These changes correlated with a change in the com-
position of the intestinal microbiota, which is crucial in
the treatment of depressive disorders.” There is a need
to conduct further studies to confirm the effectiveness
of using probiotics in combination with antidepressants
in patients with depression.**” The use of a probiotic as
the only therapeutic option for depression was consid-
ered by Wallace and Milev and conducted an open-label
pilot study on a group of patients with major depres-
sive disorder (MDD) who had not previously received
treatment for major depressive disorder. 70% of the re-
spondents were women. During the 8-week study pe-
riod, patients took a probiotic once a day consisting of
L. helveticus R0052 (90%) and B. longum R0175 (10%).
Available clinical scales and self-report questionnaires
were used to assess the effectiveness of treatment. Sig-
nificant improvement in the area of symptoms was ob-
served in the patients, as well as a reduction in the sense
of anxiety after both 4 and 8 weeks, and in addition, the
subjectively assessed quality of sleep significantly im-
proved in the 8th week of the study. The use of the above
probiotic was not associated with side effects and was
well tolerated by patients. However, due to the fact that
the study was conducted on a relatively small group of
people, there is a need to conduct randomized, compre-
hensive studies on a larger number of people in order
to justify the effectiveness of using probiotic substanc-
es as monotherapy in the treatment of depressive disor-
ders.*® The effectiveness of probiotic use was assessed in
patients with various the composition of the microbio-
tawith various severity of depressive disorders. A pla-
cebo control was applied over an 8-week period, and
compared the symptoms and composition of the eco-
system present in the intestines with a group of people
who did not suffer from depression. It was noted that
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Table 1. Clinical evaluation of probiotics on depression*

Strains Populatl.on'charac- Intervention Duration Clinical findings . Use References
teristics of antidepressants
|HAMD -17
o 15 patients with MDD 160 mLfermentedOmllk containing 0weeks 17.7 = 4.1, 12 weeks 10.9 Otakaetal,
L. casei strain Shirota (LcS) . ) atleast8.0 X 10°CFU of LcSper 12 weeks +£73) yes "
and 3 patients with BD . ) ) h 2021.
day 1 Bifidobacterium, Actinobacteria
phylum
. . Oral capsule contained 2 x 10°
40 patients with MDD - S L BDI
L. acidophilus,, L. casei, B. bifidum  Probiotics (n=20) (Fug L, acidophilus, 2 mA (FUlg 8 weeks Probiotics(-5.7+6.4) yes Aklkasheh etal.
L. casei, 2 x 10° CFU/q B. bifidum 2015.%
Placebo (n=20) placebo (-1.5+4.8)
per day
| BDI (probiotics 17.39-9.1),
81 patients with MDD Probiotics: 10 x 10° CFU per 5g prebiotics (19.72-14.14), (placebo
Probiotics: L. helveticus, B. longum,  Probiotics (n=28) sachet/day 8 weeks 18.18-15.55) o Kazemietal.,
Prebiotics: galactooligosaccharide  Prebiotics (n=27)  Prebiotics: galactooligosaccharide | kynureine/tryptophan y 2018.%2
Placebo (n=26) sachet/day 1 tryptophan/isoleucine
) . Probiotics: = 10 x 10°CFU L. ’ . )
L. helveticus R0052, B. longum 78 patlfenFs vith MDD helveticus R0052 and B. longum T BONF (the‘blggest mereasein )
Probiotic (n=28) probiotic group) Heidarzadeh-Rad
RO175 o RO175 per 5 g sachet/day 8 weeks o ) yes 8
Prebiotics: galactalogosaccharide Prebiofic (n=25) Prebiotics: galactalogosaccharide  BDI (probiotics 17.6.-9.8), (prebio- etal, 2020.
- galactalog Placebo, (n=25) - galactalog tics 19.7- 14.1), (placebo 18.2-15.9)
sachet
40 patients with MDD ) .
C butyricum MIVAIRI 588 (CBMISSS)  Probiotics (n=20) 00 m9/d 0f . butyricum CBMS8B 0\ L HAMD-17, BDI, BA yes Miyaoka tal,
oraly per day (Probiotics: decrease 50% or greater) 2018.
Placebo (n=20)
| HAMD-17, SCL-90 and PSS-10
60 patients with MDD 2 capsules per day (each capsule LKYN
L. plantarum 299v (LP299v) Probiotics (n=30)  contained 10x10°CFU of L.Planta- 8 weeks (Prob|0t|c522,1075>-21 '3822))’ (Placebo yes Ru%l;l;fsal"
Placebo (n=30) fum 259v) 1 3HKYNKYN (Probiotics 15.88-
27.68), (placebo 17.82 -15.26)
L. helveticus R0052, B. longum 10 patients with MDD 3% 10° CFU of L. helveticus R0052 8 weeks | MADRS (24.9-12.7), QIDS-SR16 o Wallace et al.,
R0175 P and B. longum R0175 per day (20.5-11.6), SHAPS (36.8-30.7) 2021.%
B. bifidum W23, B. lactis W51, B. Ecologic®Barrier 2.5 x 10° CFU/g
lactis W52, L. acidophilus W37, 71 patients with B. bifidum W23, B. lactis W51, B. L B0l
L. brevisW63, L. caseiW56, L. depression syndromes  lactis W52, L. acidophilus W37, - Chahwan et al.,
_ . ) . 8 weeks (Probiotics 28.91- 19.88) yes
salivarius Probiotics (n=34) L. brevis W63, L. casei W56, L. (placebo 27.97-19.25) 2019.%
W24, Lactococcus lactis W19 and L. Placebo (n=37)  salivarius W24, L. lactis W19 and L. P ’ i
lactis W58 lactis W58 2g per day
. . 3g Omnibiotic Stress Repair®
B. bifidum W23, B.Iactis WSV B, 1 ot with 7,5x 109 CFU of B, bifidum W23,
lactis W53, L acidophilus W22, depression syndoms  B. lactis W51, B. lactis W52, L. 1 Ruminococcus gauvreauii, Copro- Reininghaus et al
L. casei W56, L. paracasei W20, P Y ) L L 28 days g 0P yes g N

L. plantarum W62, L. salivarius
W24, L. lactis W19

Probiotics (n=28)
Placebo (n=33)

acidophilus W22, L. casei W56, L.
paracasei W20, L. plantarum W62,
L. salivarius W24 and L. lactis W19

coccus 3 (Probiotics group) 2020.%

* MDD - major depressive disorder, HAMD-17 - Hamilton Depression Rating Scale, BDI — Beck Depression Inventory, BAI —
Beck Anxiety Inventory, BDNF — brain—derived neurotrophic factor, SCL-90 — Symptom Checklist; PSS-10 — Perceived Stress
Scale, KYN - kynureine 3HKYN:KYN - 3-hydroxykynurenine: kynureine, MADRS — Montgomery-Asberg Depression Rating
Scale,QIDS-SR16 — Quick Inventory of Depressive Symptomatology, SHAPS - Snaith—-Hamilton Pleasure Scale

the use of probiotic substances — Ecologic® Barrier sig-
nificantly improved cognitive functions compared to
patients using placebo, but changes in microbiota were
not so marked.” In people hospitalized with severe de-
pressive episodes, there was an increase in the number
of Ruminococcus gauvreauii and Coprococcus 3, which
are perceived as potentially beneficial bacteria for the
functioning of the human body, after treatment with
probiotic with biotin compared to the control group
that received biotin with biotin. The study confirms that
the use of probiotic substances contributes to beneficial
changes in the composition of the intestinal microbiota,

already in the first weeks of treatment, in patients with
major depressive disorders. There are reports that sug-
gest that probiotics are effective in terms of balancing
the composition of this ecosystem which prompts fur-
ther considerations.” Much less research assesses the
effect of prebiotics on the severity of depressive symp-
toms, and current reports suggest a rather small effect
in the treatment of these disorders. However, there is a
need to increase the research base that focuses on pre-
biotics in this aspect.” The results of studies on the use
of probiotics in the treatment of depression are summa-
rized in detail in Table 1. below, taking into account the
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duration of the study, the composition and dose of pro-
biotics used, changes in parameters assessing the thera-
peutic effect, characteristics of the study population and
whether the patients were undergoing antidepressant
treatment at the same time.

Depression is a disease entity that often poses a
great diagnostic challenge among specialists, especially
in the first phase of the disease. Disturbing forecasts re-
garding the increase in incidence, which may also result
in an increase in the number of suicides as a result of it,
indicate the need for a deeper understanding of many
poorly understood mechanisms that can cause depres-
sion.” Recently, the interest of researchers has focused
on the importance of the brain-gut microbiota axis, e.g.
in terms of interactions on proper functioning through
numerous mechanisms, including neuronal, hormon-
al or immunological pathways. Dysfunction within the
composition of the intestinal ecosystem may contribute
to a negative impact on the brain, which in turn may
contribute to mood disorders and the appearance of a
depressive episode.” Existing reports suggesting the
influence of the microbiota on the regulation of brain
functions as well as its impact on behavior and mood
encourage further research that will go even deeper into
determining the qualitative and quantitative changes
in the microbiome in depressed patients as opposed to
healthy people.” In patients with depressive disorders,
changes in the composition of the intestinal microbio-
ta were demonstrated, manifested by an increase in the
population of Bacteroidetes, Protobacteria, Enterobacte-
riaceae, Alistipes and Actinobacteria, and a decrease in
the share of strains of the genus Firmicutes, Faecalibacte-
rium, Eubacterium rectale, Lachnospira, Butyricicoccus,
Prevotella and Sutterella.? The observation of changes
in the intestinal microbiota in patients with depressive
disorders prompts further observations and expand-
ing the existing knowledge on this subject. Therefore,
attempts are made to modify this composition so as to
alleviate depressive symptoms, which is why further re-
search conducted with the use of psychobiotic supple-
mentation is crucial to be able to use these substances
as one of the therapeutic options or for supportive treat-
ment with antidepressants.***° In addition, it is worth
paying more attention to prebiotics and testing them in
terms of treating depression, because the current litera-
ture presents very few reports on this subject.’® Further
research and reports in this area will help to better un-
derstand the role of intestinal microbiota in the patho-
mechanism of depression, and on the other hand also
its beneficial effect in the treatment of these disorders.

Conclusion

Disturbances in the composition of the intestinal micro-
biota may predispose to depression, but further research
is needed in this area, especially with the participation

of humans, which will allow for a deeper understanding
of the role of this causative factor in the pathophysiol-
ogy of depression. In addition, the use of an appropri-
ate, well-balanced diet as well as the supplementation
of probiotic and prebiotic substances, which can have a
positive effect on balancing the composition of the in-
testinal microbiota and contribute to the clinical im-
provement of patients with depression. It is therefore
encouraged to continue further research, as modifying
the composition of the ecosystem in our intestines may
be a potentially promising therapeutic option for a dis-
ease that is a threat to civilization, i.e. depression.
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